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HEALED SUBACUTE' BACTERIAL ENDOCARDITIS 

PHILIP ROSENBLATT, MD, and LEO LOEWE, MD 

.BROOKLYN 


Evidence for the statement that patients with 
subacute bacterial endocarditis may recover has 
hitherto been the fact that those with a typical 
clinical picture and from whose blood organisms 
are grown on cultures do survive and become 
free from symptoms and bacteria 1 Libman 2 
reported at least 3 per cent of recoveries in the 
usual type of the disease He was also convinced 
that many more recoveries occur in persons with 
a mild form of the disease which is often over- 
looked 

Pathologic confirmation of healed Subacute 
bacterial endocarditis is, however, largely indirect 
and inferential m nature Foi example, Weiss 
and Rhodes 1 examined a group of hearts ob- 
tained at autopsy and selected 3 as being exam- 
ples of completely healed subacute bacterial endo- 
carditis Others aie described as suggesting a 
“healing” endocarditis Hamman 3 similarly de- 
scribed 4 cases, 2 of which showed evidence of 
“almost complete healing of vegetations,” while 
m the other 2 the cardiac lesions were of such a 
nature as to strongly imply a healed bacterial 
endocarditis rather than valves damaged by the 
lheumatic process 

It is not within the province of this report to 
enter into a discussion of what Libman terms 
“recurrent mild cases,” or into the vagaries of 
the “bacteria-free” stage of the disease Most 
observers are agreed that the clinical course of 
subacute bacterial endocarditis is often eiratic 
On the other hand, they do not share Libman’s 
opinions and look on classic cases with gloomy 
prognosis 

With the newer methods of therapy, reports of 
clinical cures have become more frequent How- 

From the Department of Laboratories and the Depart- 
ment of Medicine, Jewish Hospital Aided by grants 
from Friends of the Hospital and from the Dazian 
Foundation for Medical Research 

1 Weiss, S , and Rhodes, C P Healing and Healed 
Vegetative (Subacute Bacterial) Endocarditis, Lew 
England J Med 199 70, 1928 

2 Libman, E A Consideration of the Prognosis 
in Subacute Bacterial Endocarditis, Am Heart J 1 
25, 1922, A Further Report on Reco\ ery and Recur- 
rence in Subacute Bacterial Endocarditis, Tr A Am 
Physician 48 44, 1933 

3 Hamman, L Healed Bacterial Endocarditis Ann 
Int Med 11 175, 1937 


ever, the dearth of pathologic confirmation stil ' 
persists It is the purpose of this repoit to correc 
partially this disproportion between clinical ob ( 
servation and pathologic proof The following 1 
cases are examples of classic subacute bacteria' , 
endocarditis cured by (he method of combine* I 
penicillm-heparm therapy 4 Both patients late 
experienced congestive heait failuie due to ex< 
cessive valvular damage and finally came t<", 
autopsy { 

i 

Case 1 — J K was a white woman, aged 33 Th 'j 
diagnosis had been established as subacute bacteri. j 
endocarditis, and the patient was transferred from th,* 
Hospital for Joint Diseases to the Jewish Hospital c* 
Brooklyn on Nov 9, 1943 for penicillin-heparin therapj , 
There was no past history of rheumatic fever or choree 
Her illness dated back seven months to a period marke 
by fever and malaise Laboratory and clinical evidenc> 
prior to her admission included cultures of the bloo 
positive for Streptococcus viridans on several occasion 1 
crops of white-centered petechiae, a palpable spleen 1 
moderate secondary anemia and cardiac murmurs Sb 
had been seen in consultation by Dr E Libman, wh 
' concurred in the diagnosis Prior to her admission t 1 
the Jewish Hospital she was treated with massive dose 
of sulfadiazine by the intravenous route These wer 
ineffectual During the period of sulfonamide therap 
sudden severe costovertebral pain on the right side, ten 
derness and hematuria developed, after which the kidne 
became palpable The kidney gradually increased in sizi 
reaching to the crest of the ilium Sulfadiazine levels c 
the blood ranged from 36 to 98 mg per hundred cubi 
centimeters without sterilizing the blood stream 

On admission to this hospital she appeared euplion 
and chronically ill There was a harsh, short, systoli 
murmur at the apex There were numerous petechia 
over the lower part of the abdomen, the left arm, th 
neck and the chest The right kidney was tender an 
palpable at the iliac crest The spleen was just palpabh 
Culture of the blood revealed one hundred and fiftee 
colonies of Str viridans per plate The sulfadiazin 
level of the blood, determined on the day of her admis 
sion, was 113 mg per hundred cubic centimeters, an 
the urea nitrogen le\el was 150 4 mg There was n 
oliguria The sedimentation rate was 76 mm per hou 
by the Westergren method 

On November 11 continuous penictlltn-hepann therap 
was begun The patient received approximately 200,00 
Oxford units of penicillin each dav, dissohed in 1,00 
to 1,500 cc of isotonic solution of sodium chloride SI 

4 Loewe, L, Rosenblatt, P, Greene, H J , an 
Russell, M Combined Penicillin and Heparin Therap 
of Subacute Bacterial Endocarditis, J A M A 124 
144 (Jan 15) 1944 Loewe, L The Louis Gross Mi 
morial Lecture The Combined Use of Penicillin an 
Heparm in the Treatment ot Subacute Bacterial Enur 
.carditis, Canad M A J 52 1 (Jan ) 1945 
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also received approximated 200 nig of heparin (Liquae- date and remained so until her discharge on March 12 

min) daily, which was also incorporated m the isotonic On March 7 the sedimentation rate was 25 mm per 

solution From a control level of twelve minutes, the hour Prior to her discharge it was noted that the 

coagulation time was maintained between thirty and character of the cardiac sounds had changed At the 

yxty minutes throughout the course of therapy Treat- apex there was a short rumbling presystohc and a long, 

ment was discontinued on November 25 after the patient high-pitched diastolic murmur 1 he high-pitched dias- 

had received a total of 2,740,000 Oxford units of tohc murmur was loudest at the fourth intercostal 

penicillin and 2,500 mg of heparin Cultures of the blood space just to the left of the sternum and could be 

taken on November 19 and 29 and on December 6 faintly heard at the aortic area as well While the 

showed no grow'th During this course of therapy, the blood pressure on her admission was 120 systolic and 

kidney and spleen gradually receded in size and finally 80 diastolic, on discharge the tension was 126 systolic and 
became impalpable Because the temperature did not 40 diastolic She was discharged with a diagnosis of 

return to normal, the patient was suspected of being in healed subacute bacterial endocarditis and aortic msuf- 



Fig 1 (case 1) — Mitral valve ring showing increased vascularity compatible with old rheumatic infection 
Hematoxylin and eosm, X 75 

the clinically active but bactena-free stage of the disease ficiency for convalescent care at home, despite the fact 
Culture of the blood taken on December 8 revealed that she was in a state of subchmcal cardiac failure 

three colonies of Str vindans per plate, and, accordingly , Subsequent Couise — Despite greatly restricted physi- 
penicillm-heparin therapy was again started, on Decern- cal activity, administration of digitalis and limitation of 
ber 9 She was given intravenous therapy continuoush her intake of fluids, the patient’s compensation gradually 
for thirty-one days until Jan S, 1944, receiving a total decreased The liver increased in size and tenderness, 

of 6,000,000 Oxford units of penicillin and 5,600 mg of and she finally became dyspneic and orthopneic even 

heparin during this period Two cultures of blood with complete rest in bed 

taken during the course of treatment were sterile, as Final Hospitalisation — The patient had to be admitted 
were ten others made at approximately weekly inter- to the New Rochelle Hospital on April 19 because of 
vals after the treatment up to March 7 On Januarv severe congestive heart failure Physical examination 

12, the patient menstruated for the first time since revealed the heart to be grossly enlarged to the right and 

October Hei temperature became normal about this left The liver was tender and palpable below the um- 
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Fig 2 (case 1) — Mitral valve leaflet with endothehalized nodules composed of loose fibrous connective tissue 
These may represent healed, organized vegetations Hematoxylin and eosin, X 11 



Fig 3 (case 1) — Anterior aortic cusp, low power view of thickened, fragmented valve Hematoxylin anc 
eosm , X 1 1 



Fig 4 (case 1) — Higher magnification of figure 3 showing accretion of loose fibrinous meslnvork to th 
endothelial surfaces of the distal portion of the \ahe and spongy, fragmented center of ial\e Hematoxylin an 
tosm, x 48 
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iilicus The pulse rate was irregular, of Corrigan type 
tad 106 per minute The blood pressure was 120 systolic 
Ind 0 diastolic 

1 Despite therapy, the patient died on April 21 An 
electrocardiogram taken the day prior to death showed 
hnus tachycardia and right ventricular strain 
Obseivations at Autopsy (by Dr J W Denton and 
{Dr A F Heyl) — The body was that of a well de- 
veloped, well nourished white woman The skin, con- 
junctivas and mucous membranes were pale There 


Cardiovascular System The heart weighed 560 Gm 
The atria were extremely distended, especially the right 
The right ventricular wall measured up to 0 6 cm m 
thickness and the left 1 8 cm The jnyocardium was firm 
and red-brown The tricuspid and pulmonary valves 
were not remarkable The mitral valve was slightly 
thickened along the contact borders The aortic orifice 
admitted the index finger with ease The anterior and 
middle cusps were strikingly deformed The free por- 
tions appeared thickened, foreshortened, gray and 


i 



Fig 5 (case 1) — Higher magnification of figure 4 to show detail of central fragmentation of collagen Note 
lalisading of fibroblastic cells at periphery No bacteria are seen Hematoxylin and eosin, X 120 


,vere no petechiae The superficial lymph nodes were 
lot palpable 

Body Cavities The peritoneal cavity contained about 
? 00 cc of clear yellow fluid and the pericardial cavity 
ibout 80 cc of a similar fluid The right and left 
ileural cavities contained, respectively, 400 and 150 cc 
if similar serous fluid The serous surfaces were all 
,mooth and glistening 


shredded, allowing portions of the valve to flap back and 
forth freely in the blood stream The shredded valve 
cusps were granular and appeared to be partially calci- 
fied in places Attached to them was a soft yellow and 
red blood clot The coronary ostiums and arteries 
showed nothing of note The elasticity of the aorta was 
good 


i 
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Respiratory Tract Both lungs were pink mottled 
with dark red externally Crepitus was diminished, and 
the lungs cut with moderate resistance There were, 
however, no definite areas of consolidation The cut 
surfaces were grayish red and moderately wet In the 
lower lobe of the left lung were two small, dark red 
wedge-shaped infarcts The bronchi contained frothy 
fluid material The pulmonary vessels were not 
remarkable 

Gastrointestinal Tract The esophagus, stomach and 
small, and large intestines showed nothing of note 

Biliary System The liver was moderately enlarged, 
purple-red and smoofh The mottling of passive con- 
gestion was readily visible through the capsule and was 
much more evident on section The gallbladder and 
biliary ducts were not remarkable 


capsule was stripped with ease, revealing a congested, 
red-brown surface, which was slightly granular In 
the cut surfaces, cortex and medulla were well demar- 
cated and in the usual proportions There were no 
petechiae The left kidney weighed 210 Gm and was 
similar to the right The renal pelves, ureters and 
urinary bladder showed nothing of note 

Spleen The spleen was firm and weighed 400 Gm 
The external surface was purple-gray, and the capsule 
was tense In the cut surfaces the follicles were large, 
numerous and distinct The pulp was deep red and 
abundant 

Genitalia The uterus contained two small leiomyo- 
mas The ovaries and fallopian tubes showed nothing of 
note 

Cranial Cavity The cranial cavity was not examined 



Fig 6 (case 1) — Middle aortic cusp with liquefaction necrosis in central portion of cusp and shredding at the 
periphery Hematoxylin and eosin, X 11 



Fig 7 (case 1) — JCidney, showing small wedge- 
shaped cortical scar Hematoxylin and eosm, X SO 

Pancreas The pancreas was normal m appearance 
Adrenal Glands The adrenal glands were of usual 
size and shape and showed nothing of note 
Renal System The right kidney weighed 190 Gm 
The peripclvic adipose tissue w as edematous The 


Histologic Examination — Heart In a preparation 
from the left side of the heart, including the mitral valve, 
the epicardium was found to be of usual thickness The 
myocardium was broad and composed of slender fibers 
which stained well Striations were moderately distinct 
The interstitial tissue was only slightly increased m 
amount and density, and in places there were a few 
small perivascular spindle-shaped areas composed of 
dense fibrous tissue At the valve ring (fig 1) the con- 
nective tissue was loose and harbored an increased num- 
ber of small, well formed blood vessels The valve itself 
showed nothing of note and did not appear thickened 
Examination of the atrial wall revealed some thickening 
of the endocardium but otherwise nothing of note 
Another preparation of the mitral valve (fig 2) showed 
a different picture It was slightly thickened, and at 
the distal extremity and along its extent there were 
small subendothelial rounded nodular areas composed 
of loose fibrous tissue which was arranged m whorls 
Section of the anterior cusp of the aortic valve (figs 
3, 4 and 5) revealed a remarkable picture The valve 
was thick and composed of dense hyalimzed fibrous 
tissue m its proximal portion As the free border was 
approached, the central portion of the valve appeared 
fragmented, and there were irregular patches of dense, 
pmk-stainmg acellular collagenous tissue, which were 
interspersed with clear spaces At the periphery was 
denser cellular fibrous tissue There was some palisading 
of deeply staining fibroblastic cells toward the center 
of the valve Attached to both endocardial surfaces of 
the valve was a loose fibrinous meshvork on which red 
and white blood cells were seen The free edge of the 
valve was completely shredded, and the continuity of the 
endocardium had been lost Sections stained by the 
Gram-Weigert method failed to reveal organisms 
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either within the valve or on the surfaces Preparations 
from the middle cusp of the aortic valve (fig 6) were, 
similar Here the core of the valve appeared cystlike 
and contained homogeneous pmk-stainmg material The 
free edge was likewise fragmented and disorganized 
In one place there was a deposit of blue-staining cal- 
cific material 

Lungs Preparations from the two lungs were 
similar The alveolar walls were somewhat thickened, 
and the air spaces were filled with large numbers of 
mononuclear, cells containing golden brown pigment 


e 

spaces either were empty or contained small amounts of 
homogeneous or gianular pink-stainmg material Small 
amounts of precipitated protein were also seen within the 
lumens of the convoluted and collecting tubules No 
lesions suggestive of focal embolic glomerulonephritis 
were seen On the other hand, there were scattered 
glomeruli which appeared more cellular than usual In 
these, the capillary tufts were inconspicuous, and the 
endothelial cells were large and hvpcrchromatic Some 
of the tufts also contained numbers of polymorphonuclear 
leukocytes (fig 8) 


Fig 8 (case 1) — Glomerulus showing amorphous material within capsular space, note increased cellulanty, 
cohesion of tufts and collections of polymorphonuclear leukocytes Hematoxylin and eosm , X 450 



granules In places the alveoli contained homogeneous 
pink-staining ipaterial The blood vessels were engorged 

Liver Sections of the liver revealed severe central 
necrosis with pronounced dilatation of the central veins 
and sinusoids 

Kidneys Sections taken from the two kidneys were 
similar There were small scattered cortical wedge- 
shaped scars (fig 7) in which were hyalimzed glomeruli, 
thickened small blood vessels and accumulations of small 
and large round cells Otherwise the glomeruli were 
numerous, well formed and well distributed The mtra- 
glomerular capillaries were distended, and the capsular 


Spleen The follicles were large and increased m 
number, and there was striking hyperplasia of the 
germinal centers (fig 9) The pulp was cellular and 
hyperplastic, and the sinus walls were difficult to make 
out 

Postmortem aerobic and anaerobic cultures of the 
blood and of portions of the aortic valves showed no 
growth 

The anatomic diagnoses were fragmentation of the 
anterior and the middle cusps of the aortic valve, with 
insufficiency, healed mitral endocarditis, hyper- 
trophy and dilatation of the heart, bilateral hydro- 
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thorax , ascites , passive congestion of the viscera , stasis 
infarcts in the left lung , scars m the kidneys, and acute 
intracapillary glomerulitis 

SUMMARY OF CASE AND COMMENTS 

This was a case of subacute bacterial endo- 
carditis due to Str viridans of at least seven 
months’ duration prior to hospitalization Ther- 
apy with massive doses of sulfonamide drugs 
failed to sterilize the blood stream On the 
patient’s admission the right kidney was tre- 
mendously enlarged, perhaps owing to infarction , 
the spleen was palpable, and cultures of the blood 
showed growth of organisms She received two 
courses of combined penicillin-heparin therapy, 
with totals of 8,940,000 Oxford units of penicillin 



Fig 9 (case 1) — Spleen, showing follicular hypei- 
plasia Hematoxylin and eosin , x S3 


and 7,100 mg of heparin given She was dis- 
charged four months aftei hei admission, bac- 
tena-free and asymptomatic except for moderate 
cardiac embarrassment due to congestive phe- 
nomena Despite vigorous therapy at home, con- 
gestive failure became more apparent, and she 
died fifteen weeks after treatment, oi six weeks 
after hospitalization 

The demonstration at autopsy of a shredded 
aortic valve resulting in severe incompetency 
satisfactorily explained the inti actable cardiac 
failure That no bacteria could be demonstrated 
either histological!} or b) postmortem cultures 
was e\idence confirming the conclusion that the 


BACTERIAL ENDOCARDITIS 

t I 

bacterial*' phase of the disease had been ade-! 
quately dealt with Obviously, however, the' 
severe damage already done to the aortic valve 
was irremediable 

The conditions observed m the kidnevs and 
spleen weie of added interest To begin with, 1 ' 1 
the partial glomerular lesions so conspicuous 1 ,! 
m many patients with bacterial endocaiditis w T ere 1 
not present However, there was evidence of 2 l\ 
diffuse glomerulonephritis This is of paiticulai 
importance, because, according to Libman andi 
Friedberg, 5 it is much more commonly found mj 1 
the bactena-free stage of the disease than in the. 1 ! 

I i 

active phase Its development after the febi llej j 
disease has run its course speaks for a toxic (al-ij 
lergic) origin The enlarged hyperplastic spleen" j 
probably has a similar origin A remaikable' 
feature of this case was the complete lesolutionj 
of the massive right renal infarction, neciopsy; 
revealing but small cortical scars < 

Case 2 — N M was a white woman, aged 29 She, 
was admitted to the Jewish Hospital of Brooklvn onjj 
Feb 16, 1944, transferred from the Good Samaritan,’ 
Hospital, Lexington, Ky Her past history was noncon-, 
tnbutory except for severe tonsillitis at the age of 2 or 3 
years, after which cardiac murmurs were discovered' 
There was no history of scarlet or rheumatic fever 
In November 1943, an infection of the upper respiratory 
tract developed, for which she was given sulfadiazine- 
In January 1944, she again suffered an attack of infection', 
of the upper respiratory tract A low grade persistent 
fever ensued, which failed to respond to acetylsaiicylic' 
acid or to sulfonamide compounds Chills and fever' 
appeared in February, and she was admitted to the Good! 
Samaritan Hospital for diagnostic study There it was 
found that cultures of the blood were positive for Str 
viridans On February 9 she had a sudden cerebral 
embolization, which rendered her completeij aphasic 
She was transferred to the Jewish Hospital of Brooklyn 
seven days later 

At the time of her admission, the patient was well 
developed and well nourished She appeared pallid and 
chronically ill Her speech was almost completel> 
impaired The temperature was 101 F , pulse rate 12C 
per minute, respiratory rate 30 per minute and blooo 
pressure 160 mm of mercury sjstolic and 40 diastolic 
There were several petechiae on the left hand The 
heart was enlarged, and there were double mitral anc 
aortic murmurs The liver and spleen were both pal 
pable 2 fingerbreadths below their respective costa 
borders The reflexes were equal and active, anc 
Babinski signs were not elicited Culture revealed mm 
and eleven colonies of Str viridans per cubic centimctei 
of blood The sedimentation rate was 113 mm per hou^ 
(Westergren method), and there was moderate secon 
dary anemia The urine was normal The clinica 
impression was subacute bacterial endocarditis implantet 
on a rheumatic background, with recent cerebral embo 
lization 

Combined penicillin-heparin therapy bv the ultra; 
venous route was begun the dav after her admission ti 
the hospital She was given continuous thcram fo ! 
tw entv -three days, receiving 200,000 Oxford units o 

S Libman, E , and Tricdberg, C Subacute Bacteria 
Endocarditis, New York, Oxford Umversitv Pre-^ 1941 
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jemcillm per day and from 100 to 200 mg of’ heparin 
The total dose was 4,600,000 Oxford units of penicillin 
rnd 2,900 mg of heparin Her response to therapy was 
-nost gratifying Cultures of blood, taken during therapy 
ind afterward, showed no growth Her speech cleared 
gradual^, and on March 26 it was noted that there was 
mly slight slurring On April 13, the sedimentation rate 
aas 16 mm per hour and the temperature curve was flat 
The patient was discharged on Ap?il 17 for convalescent 
are at home 

Subsequent Cow sc (by Dr T M Marks, Lexington, 
Kj ) — On May 17, it was noted that the patient showed 


diuretics Repeated cultures of the blood were sterile 
She died on August 7, approximately four months after 
having been discharged from the hospital, and twenty- 
two weeks after treatment 

Observations at Autopsy (by Dr E S Maxwell, 
Lexington, Ky ) — The body was that of a well de- 
veloped, moderately emaciated white woman There was 
slight edema of the dependent portions The peritoneum 
was smooth and glistening, and the cavit> contained 800 
cc of clear amber-colored fluid Each pleural cavitv 
contained about 400 cc of fluid 



Fig 10 (case 2) — Aortic cusp, note fibrotic, stumplike character Hematoxylin and eosin, X 11 


,emarkable improvement in her appearance Her heart 
iction was good, but she still had the murmurs from her 
inmary heart disease The blood pressure was 180 
vstolic and 70 diastolic Culture of the blood showed 
to growth , the sedimentation rate was 8 mm per hour, 
tnd the blood count was normal 
From this time on, her cardiac status gradually 
leteriorated, and advanced congestive failure developed, 
vhich responded only slightly to digitalis and mercurial 


The heart was large, weighing 600 Gm The mitral 
leaflets were grossly normal, showing no ulceration, 
scarring or unusual thickening The right aortic cusp 
was almost completely destroyed The upper margins 
were short stubs and were brown and finely granular 
but completely free of vegetation In the wall of the 
aorta, immediately above the attached margin of this 
cusp, there was an opening measuring 3 mm laterally 
and S mm perpendicularly This opened into an 
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aneurysm-like sac measuring approximatefy 3 mm in 
diameter This sac contained a small amount of fibrin, 
which was loosely attached The wall of the aneurysm 
was of about the same thickness as the aorta and for 
the most part was smooth The sac extended to the 
right, and the base of the right auricular appendage 
covered the roof of the aneurysm, while the wall of the 



Fig 11 (case 2) — Aortic valve ring with definite 
fibrosis and collections of mononuclear cells harboring 
blood pigment Hematoxylin and eosin , X 98 

right auricle *was adjacent to the aneurysm The wall of 
the left ventricle was moderately hypertrophied The 
apex was thin The right side of the heart was grossly 
normal 

Lungs The right lung was moderately edematous 
On the lateral surface of the upper lobe there was an 
infarct measuring 2 5 cm in diameter The left lung 
showed moderate edema 

Liver The liver was approximately normal in size 
The cut surfaces show definite nutmeg mottling 

Kidneys The kidneys were moderately enlarged and 
were dark purple-red m color In, the cfit surfaces, the 
architecture was normal The mucosa of the pelvis of 
each kidney was hemorrhagic The ureters and urinary 
bladder were normal 

Spleen The spleen was moderately enlarged, weigh- 
ing 250 Gm Follicles were distinct 

Histologic Examination — Heart Sections from the 
short, thick aortic cusp (fig 10) revealed dense fibrosis 
with hyalimzation but no inflammatory exudate The 
surface was completely endotheliahzed In the deeper 
layers, most prominently at the valve ring, there were 
collections of mononuclear cells harboring brown pig- 
ment granules (fig 11) Occasional lymphocytes and 
plasma cells were also seen Sections of the myocardium 
showed small scattered areas of fibrosis Preparations 
of the wall of the aneurysm revealed it to be identical in 
thickness and structure with the aorta No inflam- 
mation was seen 


Lungs (fig 12) The alveolar walls were thickened, 
and in places there was ingrowth of spindle-shaped 
fibroblastic cells The air spaces were filled with 
“heart failure cells ” In some, there were numbers 
of polymorphonuclear leukocytes enmeshed in fibrin 
Liver There was extensive passive congestion with 
central necrosis The central veins and sinusoids were 
distended 

Pancreas The acinar arrangement was orderly 
Islands of Langerhans were numerous, well formed and 
Well distributed The interstitial connective tissue was 
slightly inci eased in amount 
Adrenal Glands The corticomedullary distinction was 
oiderly The cells of the cortical layer appeared 
swollen and fragmented m places, and some of the 
nuclei were pyknotic or absent The cytoplasm was 
granular or finely vacuolated Medullary tissue was 
loose and abundant 

Kidneys Sections of the two kidneys wei'e similar 
Glomeruli were numerous, well formed and wpll dis- 
tributed Bowman’s capsule was slightly thickened in 
some The capsular spaces were empty The glomerular 
tufts were distended, and the lining cells were occa- 
sionally prominent The epithelium lining the convo- 
luted and collecting tubules was poorly preserved The 
blood vessels were not remarkable 

Spleen The capsule of the spleen was of usual thick- 
ness Follicles were numerous, well formed and well 
spaced No germinal centers were seen The pulp was 
loose, and the sinusoids were distended The blood 
vessels showed nothing of note 



Fig 12 (case 2) — Lung, noticeable passive congestion 
with alveoli filled with “heart failure” cells Note cen- 
tral area of fibrosis Hematoxylin and eosih, X 100 

The anatomic diagnoses were congenital aneurysm 
at the base of the aorta, healed aortic endocarditis, 
myofibrosis cordis , hypertrophy and dilatation of heart , 
bilateral hydrothorax, ascites, focal, terminal pneu- 
monia, and passive congestion of the viscera 
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SUMMARY OF CASE AND COMMENTS 

This was a case of subacute bacterial endocai- 
ditis of about one month’s duration prior to the 
patient’s hospitalization An early manifesta- 
tion of the disease was cerebral embolization, 
from which she recovered completely with ther- 
apy The patient responded to treatment prompt- 
ly, one course lasting twenty-three days being 
sufficient to effect permanent sterilization of the 
blood stream The total dosage of penicillin was 
4 600,000 Oxford units and of heparin 2,900 mg 
Unfortunately, as in case 1, valvular damage was 
so extensive that compensation was not ade- 
quate for the long continuance of life The stubby 


aortic cusps found at necropsy allowed free reflux 
of blood into the left ventricle, and the severe 
valvular insufficiency resulted in progressive, in- 
tractable cardiac failure. The patient succumbed 
five and one-half months after treatment An in- 
teresting feature was the presence of an aneu- 
lysm, probably congenital, at the base of the 
aorta 

CONCLUSIONS 

Two cases of healed subacute bactenal endo- 
carditis Mere encountered Death in both in- 
stances was due to cardiac failure incident to 
aortic valvular insufficienc)- 
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Since the -results of previous investigations 1 
did not support the humoral origin of essential 
h) pertension, it was concluded 10 that “Final 
proof awaits conclusive demonstration of the 
presence or absence of angiotomn m increased 
amounts in the blood of patients with essential 
hypertension ” 

This report deals with a study of whether 
vasoconstrictor substances are present m in- 
creased amounts in the blood of patients with 
hypertension The conclusion has been sought 
through a biologic assay of vasoconstrictor sub- 
stances in the blood of patients with normal 
blood pressures, the blood of hypertensive pa- 
tients and the blood of patients made transiently 
hypertensive by intravenous injections of angiot- 
onin 

LITERATURE 

There are conflicting reports in the literature 
legardmg the presence of pressor compounds 
m the blood of hypertensive patients or m the 
blood of animals made hypertensive by renal 
ischemia Danzer, Brody and Miles 2 reported 
that the blood of patients with hypertension 
contained a pressor substance not found in the 

From the Departments of Internal Medicine and 
Pharmacology, University of Texas School of Medicine, 
Galveston, Texas 

The Eh Lilly Company Laboratory of Clinical Re- 
search, I H Page, Director, furnished angiotomn for 
this stud} 

1 (a) Gregory, R , Lmdley, E L, and Levine H 
Studies on Hypertension I The Effect on the Renal 
Function of Decreasing the Blood Pressure of Patients 
with Hypertension, Tex Rep Biol & Med 1 59-76, 
1943, (6) II The Effect of Spinal Anesthesia on the 
Blood Pressure of Hypertensive Patients Its Possible 
Bearing on the Pathogenesis of Essential Hypertension, 
ibid 1 167-206, 1943 (c) Gregory, R., Levine, H, 

arid Lmdley, E L Studies on Hypertension III The 
i Site of Action of Angiotomn, the Pressor Effects of 
Angiotomn on Patients Having Essential Hypertension, 
and Possible Relationships to the Pathogenesis of Essen- 
tial Hypertension, ibid 2 121-134, 1944 


blood of rabbits or in the blood of patients with 
normal blood pressures Curtis, Moncrieff and 
W right 3 repeated the work of Danzer and his 
associates but found no pressor substance m 
the blood of patients with hypertension Both 
investigations may be criticized, because blood of 
human beings was injected into animals of 
another species; the cat Bohn 4 claimed that 
he had demonstrated a pressor substance m an 
alcoholic, protein-free extract of citrated blood 
from pale hypertensive patients (nephritic) but 
that similar extracts of blood from both normal 
persons and plethoric hypertensive patients (with 
essential hypertension) produced a fall m blood 
pressure He, too, injected extracts of human 
blood into animals of a heterologous species 
De Wesselow and Qriffiths 5 were unable to con- 
firm Bohn's results They could adduce no 
evidence of a pressor substance m the blood of 
patients with essential hypertension Ultrafil- 
trates from plasma showed no effect, wuth the 
exception of a slight pressor effect produced 
by an ultrafiltrate of blood from a patient with 
chronic glomerulonephritis with slight renal fail- 
ure Aitken and W llson G also w^ere unable to 
confirm the claim of Bohn that blood of pale 

2 Danzer, C S , Brody, J G , and Allies, A L On 
the Existence of a Pressor Substance m the Blood of 
Clinical Cases of Hypertension, Proc Soc Exper 
Biol & Med 23 454-457, 1926 

3 Curtis, F R , Moncrieff, A A , and Wright, S 
The Supposed Presence of a Pressor Substance in the 
Blood of Patients with High Blood Pressure, J Path 
& Bact 30*55-59, 1927 

4 Bohn, H Untersuchungen zum Alechamsmus des 
blassen Hochdrucks I Gefassverengernde Stoffe lm 
Blute beim blassen Hochdruck, Ztschr f klin Med 119 
100-139, 1932 

5 de Wesselow, O L V S, and Griffiths, W J 
On the Question of Pressor Bodies in the Blood of 
Hypertensive Subjects, Brit J Exper Path 15 45-5? 
1934 

6 Aitken, R S , and Wilson, C An Attempt to 
Demonstrate a Pressor Substance m the Blood in Malig- 
nant Hypertension, Quart J Med- 28.179-190, 1935 
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hypertensive patients contained a pressor sub- 
stance Page 7 reported that ascitic fluids, as 
well as blood and cerebrospinal fluids of normal 
persons, contained a pressor substance He could 
not demonstrate any increase of this pressor 
substance in the blood or cerebrospinal fluid of 
patients having hypertension Intel estingly, he 
observed that the medulla and spinal cord were 
essentially instrumental m the production of this 
pressor effect Fasciolo, Houssay and Taquim 8 9 
stated that blood from the renal vein of an 
ischemic kidney of a dog contained more pressor 
substance than blood which had passed through 
a normal kidney of a dog They used a perfu- 
sion technic on the South American toad Using 
frogs, bullfrogs and toads from the southern 
part of the United States of America, Mason 
and Rozzell 0 were unable to confirm the results 
of Houssay and co-workers The use of such 
widely different species as the dog and the frog 
is again open to criticism Page , 10 using a per- 
fused rabbit’s ear, concluded that "since vaso- 
constriction occurs under the same experimental 
conditions with plasma from both hypertensive 
patients and dogs, this is considered cogent evi- 
dence in favor of the view that the chemical 
mediator of both is similar and is possibly 
angiotonm ” 

While the methods used are perhaps open to 
question on the grounds mentioned, the results 
of injecting blood, plasma or extracts of blood 
and of plasma from hypertensive patients into 
other animals have failed to demonstrate con- 
clusively the presence of an excessive amount of 
pressor substance in the blood of hypertensive 
patients 

METHOD OF STUDY 

At the beginning of these studies, citrated plasma from 
normal persons and from hypertensive patients was in- 
jected into small dogs (3 to 4 Kg ) arranged for the 
kvmographic recording of the blood pressure This 
procedure was immediately abandoned because of the 
extreme depressor effects on dogs of plasma from both 
normal and hypertensive patients 

Ultrafiltrates of citrated plasma were next injected 
into small dogs In general, only a suggestive or doubt- 
ful increase of blood pressure was produced by the ultra- 
filtrate from blood to which a known pressor amount of 


7 Page, I H Pressor Substances from the Body 
Fluids of Man in Health and Disease, J Exper Med 
61 67-96, 1935 

8 Fasciolo, J C , Houssay, B A , and Taquim, 
A C The Blood-Pressure, Raising Secretion of the 
Ischaemic Kidney, J Physiol 94 281-293, 1938 

9 Mason, M F, and Rozzell, J D Attempts to 
Demonstrate Vasopressor Properties m the Serum of 
Hypertensive Dogs, Proc Soc Exper Biol & Aled 
42 142-144 , 1939 

10 Page, I H The Vasoconstrictor Action of 

Plasma from Hvpertensive Patients and Dogs, J Exper 

Med 72 301-310, 1940 


angiotonm had been added, compared to an ultrafiltrate 
of the same blood without the added angiotonm The 
dogs were then abandoned as being unsuitable experi- 
mental animals for this purpose 
In all the subsequent experiments we have used 
Wisconsin winter frogs They were kept in an ice box 
at about 4 C and allowed to be at room temperature from 
two to four hours before they were to be used Bioassays 
were made on them after complete pithing was per- 
formed Perfusion of the entire frog was done at a con- 
stant perfusing pressure of 15 cm with a cannula placed 
in the truncus arteriosus The sinus venosus was slit to 
permit egress of the perfusing fluid, and the webs of the 
hindfeet were slit to retard the development of edema 
The animal thus prepared was perfused on an inclined 
board, and the number of drops in each two minute 
interval was recbrded with an automatic drop recorder 
The volume of perfused fluid collected in a two minute 
interval was also measured In general, five intervals of 
two minutes each were employed for both control and 
experimental periods, although the perfusion was often 
extended beyond five two minute intervals 

In nearly all instances the frog was perfused with 
calcium-free frog Ringer solution 11 to wash out the 
vascular system as well as for a control ,against which 
the experimental solutions were tested The calcium - , 
free frog Ringer solution contained 0 4 per cent sodium 
citrate, the same amount as that contained in the blood 
plasmas from which our ultrafiltrates were made In 
some instances, indicated m the proper table, dibasic 
sodium phosphate (Na=HPO<) was added to bring the 
pH to about 8 3 

Care was observed to see to it that temperatures of all 
solutions perfused through any one frog were the same 
Perfusions were done at room temperature and ranged 
from 25 C to 30 C 

The effect of changes in hydrogen ion concentration 
on the perfusion rate was studied, and it was found that 
there was no effect within the limits of 7 3 to 8 4, the- 
range over which our studies were made 

An attempt was made to perfuse these frogs with 
human plasma according to the method employed by 
Houssay and Taquim 12 with dog’s plasma We found 
that even when the calcium-free citrated frog Ringer 
solution was employed for a 1 8 -dilution of the plasma, 
the vasoconstrictor action was too intense to permit us 
to use this method We therefore decided that such 
dilutions interfered with usefulness and decided to use 
ultrafiltrates solely 

In all the experiments subsequently reported in this 
paper w-e have used the following ultrafiltrates to 
bioassay the vasoconstrictor substances by the method 
described 

1 

1 Ultrafiltrates of citrated plasma from 5 persons 

with normal blood pressures 

2 Ultrafiltrates of citrated plasma from 9 patients 

with hypertension 

3 Ultrafiltrates of citrated plasma from 8 patients 

whose blood pressures had been raised by intra- 
venous injections of angiotonm 

11 The composition of frog Ringer solution is as 


follows Regular Alkaline 

% % 

Sodium chloride 0 65 0 45 

Potassium chloride 0 014 0 014 

Calcium chloride 0 012 0 012 

Sodium bicarbonate 0 020 0 20 


This solution was modified for the purposes of these e\pen ^ 
ments as described in the text 

12 Houssay, B A , and Taquim, A C Accion vaso- 
constrictora de la sangre venosa del rinon Isquemiado, 
Rev Soc argent de biol 14 5-14, 1938 

i 
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Blood was obtained rapidly (in one to two minutes) 
in all cases by puncture of the femoral artery It was 
drawn into a sterile evacuated bottle containing 10 cc of 
4 per cent solution of sodium citrate per hundred cubic 
centimeters of withdrawn blood In general, 200 cc of 
blood was withdrawn from each patient into each of two 
different bottles at an interval of five to ten minutes 
The two bleedings were done in order to maintain simi- 
lar conditions for all subjects, since when we injected 
angiotonm intravenously we first withdrew 200 cc as a 
control and later withdrew an additional 200 cc of blood 
when the systolic blood pressure was at its peak of about 
180 to 200 mm of mercury Patients with normal and 
elevated pressures were bled similarly in two different 
200 cc amounts in order to have the procedures identical 
in all groups 

Blood was taken from the femoral arterv for two 
reasons primarily, because it was believed that the 
concentration of angiotonm might be higher in arterial 
blood than it would be in venous blood after the blood 
had circulated through the peripheral tissues , and, 
secondly, so that a 200 cc sample could be obtained 
quickly during the peak of the blood pressure elevations 
resulting from the intravenous injection of angiotonm 

Immediately after the blood wias withdrawn, it was 
placed in cracked Ice with a minimum of agitation to 
prevent hemolysis As rapidly as possible, the blood was 
centrifuged in sterile 50 cc tubes The citrated plasma 
was transferred to the ultrafiltration apparatus with 
precautions for asepsis No plasma prepared in this 
fashion showed hemolysis We have employed an ultra- 
filtration apparatus previously described by one of us 13 

Ultrafiltration was carried out in bags made from 
cellophane “osmosis membrane” and of such length and 
diameter as to take 100 to 125 cc of citrated plasma 
All ultrafiltrations w'ere done in a mechanical refrigerator 
with the temperature at about 4 C 

. RESULTS 

Control Studies — It was established by trial 
that 5 to 10 cc of the available angiotonm solu- 
tion would laise the systolic blood pressure of 
an average adult to levels of 180 to 200 mm of 
mercury It was felt that this amount repre- 
sented a dilution of 1 500 to 1 1,000 of the 
injected solution of angiotonm Accordingly, 
it was considered necessary to establish whether 
our method of bioassay would detect dilutions 
of this order The results m table 1 indicate in 
geneial the ranges of effective strengths Dilu- 
tions of 1 10,000 angiotonm in calcium-free 
citrated frog Ringer solution weie not effective, 
of 1 1,000 v^ere usually effective, and of 1 500 
were always strikingly effective It may be noted 
fuither that the vasoconstrictoi effects of angiOt- 
omn ivere alwa}s manifested by the second two 
minute perfusion interval and that there was 
always a recovery to oi toward the preultrafil- 
trate levels when ulti afiltrates were followed by 
calcium-free citrated frog Ringer solution 

Analysis of the data m table 1 will show that 
frequent assays of a known dilution of the angiot- 

13 Gregory, R , and Andersch, M The Filterable 
Calcium of Blood Serum, Am J M Sc 191 263-271, 
1936 


omn were done over the period during which 
our experiments were in progress They were 
done to make sure our angiotonm did not de-j 
teriorate m strength We had no reason tc 
believe it would, because our stock was kepi 
at 4 C and all withdrawals w^ere made with!, 
strict precautions for asepsis They were done td'J 
make sure also that the various lots of frogs''! 
remained responsive to angiotonm f; 


j I 

Table 1 — Effects on the Perfusion Rate of 1 lflOt j 
and 1 500 Angiotonm in Calcium-Free Citiated I, 
Fiog Ringer Solution ( 

Figures Represent Cubic Centimeters of Perfusate in Consecu j 
tne Two Minute Collection Intervals 


Frog 

No 1 

No 2 

No 3 ij 

Date 

4/15/44 

5/17/44 

5/19/44 

Control with frog 

72 

10 5 

63 

Ringer solution 

7 0 

11 0 

64 j 


7 2 

113 

64 j 


7 2 

11 7 

6 4 b 


70 

12 4 

6 5 ‘ 



12 7 

1 

1 1,000 angiotonin 

3 2 

11 0 

6 2 '! 


30 

87 

5 2 'ti 


23 

78 

56 ' 


22 


4 8 1 


20 


50 ;; 

Return to frog Rmger 

30 

84 

5 8 'ii 

solution 

30 

103 

52 f !' 


3 0 

10 2 

5 5 1 


3 2 

10 0 

57 


34 

10 8 

57 


110 


58 


Pigures Represent Cubic Centimeters of Perfusate in Consecu 1 
five Two Minute Collection Intervals I 


Frog 

No 4 

No 5 

No 6 

No 7 

No S 

Date 

5/19/44 

5/20/44 

5/19/44 

6/15/44 6/15/44 

Control with frog 

93 

119 

12 2 

94 

SO ! 

Ringer solution 

93 

11 9 

12 5 

88 

74 


93 

6 4* 

119 

87 

7 8 


93 

98 

111 

92 

78 

- 

95 

84 

11 1 

10 6 

94 7 8 

94 78 

94 * 

1 500 angiotonm 

S 5 

64 

11 2 

9 2 

74 


0 o 

49 

94 

. 73 

62 


4 9 

4 3 

SO 

60 

53 


4 7 

4 3 

70 

58 

49 


4 7 

43 

64 

57 

47 

Return to frog Ringer 

53 

4 5 

62 

5 2 

4 7 

solution 

63 

56 

78 

61 

5 2 


67 

55 

92 

69 

56 


68 

54 

98 

72 

5 7 

C 

70 

58 

9 '5 

74 57 

75 58 

56 


* Ran out of perfusion fluid 
t Pressure down 


Detailed consideration of the figures will show' 
that whereas there is evidence that 1 1,000 dilu- 
tion of our angiotonm solution frequently pro t 
duced vasoconstriction, 1 500 dilutions nevei 
failed to produce vasoconstriction, as shown b> 
a decrease in the volume of perfusate during 
the ten or more minutes of the test It maj 
also be seen that the volume of perfusate m d 
two minute period invariably increased after tbd 
return to calcium-free citrated frog Ringed 
solution from the known angiotonm solution I 
usually did not return to the volume of perfusate ’ 
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obtained before the angiotonm perfusion was 
started But there was always a definite in- 
crease, a result contrary to that which would 
be obtained if the decrease during the period of 
perfusion with angiotonm was a manifestation 
of the frequently observed tendency of the per- 

Table 2 A — The Vasoconstrictor Effects of (a) 1 500 
Solution of Angiotonm in Calcium-Free Citratcd 
Fiog Ringer Solution, (b) Ultrafiltrate of a I 500 
Solution of Angiotonm in the Same Frog Rutger 
Solution and (c) Solution Remaining in the 
Sac After Twelve Hours of Ulirafiltratwn 
of a 1 500 Angiotonm Solution in the 
Same Frog Rutger Solution 


Figures Represent Cubic Centimeters of Perfusate In Consecu 
tive Tito Minute Collection Intervals 


Frog 

ho 1 

ho 2 

Date 

8/1/44 

8/1/44 

Alkaline frog Ringer solution with 

5 2 

1C 5 

0 4% sodium citrate + 2 cc fifth 

04 

10 4 

molar solution of dibasic sodium 

60 

10 4 

phosphate (NaaHPOi) per liter at 

70 

10 1 

pn 8 3, T 3S O 

73 

7 4 

10 0 

1 500 angiotonm in frog Ringer 

7 2 

84 

solution as above Pu 8 5 

o 8 

0 2 


5 1 

5 G 


50 


Control frog Ringer solution 

04 

5 1 

pH 8 D 

70 

08 


70 

73 


7 G 

78 


7 7 

7 S 



77 


Figures Represent Cubic Centimeters of Perfusate in Consecu 
tlve Two Minute Collection Intervals 


Frog 

No 3 

No 4 

No 5 

No 0 

No 7 

CO 

o 

No 9 ho 10 

Date, 1944 

8/2 

8/2 

8/2 

8/2 

8/4 

8/4 

8/4 

8/4 

Same frog 

13 2 

10 0 



7 2 


10 ^ 


Ringer 

12 0 

87 



72 


9 8» 


solution 

12 0 

70 



7 0 


81 


as above 

12 2 

74 



70 


82 



118 

74 



08 


80 



11 3 

70 



G 8 




Ultrafiltrate 

11 2 

00 



58 


SO 


of 1 o00 

110 

o 4 



50 


70 


angiotonm 

98 

50 



4 0 


(> 4 


in frog Rin 

94 

58 







ger solution 

• 








Control 

94 

70 

10 8 

03 

40 

15 G 

00 

G 2 

frog Ringer 

9 6 

73 

10 0 

58 

o 0 

14 0 

7 1 

02 

solution 

9 2 

7 3 

101 

55 

50 

12 o 

74 

7 5 


82 

7 4 

9 2 

03 

5 1 

12 8 

7 0 

80 


78 


80 

01 

52 

13 4 

7 3 

78 


73 



G 4 

52 

13 4 




74 









7 2 




• 




Sac residue 

70 

7 3 

00 

02 


12 o 


80 

from ultra 

60 

02 

40 

4 8 


98 


7 0 

filtrate of 

4 G 

48 

34 

40 


S 8 


7 2 

1 500 angio 
tonm above 

40 



30 




72 

Control 

40 

48 

3 0 

38 


S 8 


00 

frog Ringer 

38 

52 

30 

43 


96 


G 8 

solution 

4 0 

5 4 

30 

4 4 


10 2 


70 


38 

50 

30 

44 


10 1 


72 


37 

5 2 

3 3 

43 


98 





5 4 


43 






* Retied cannula 


4 fusate volume to decrease gradually with time 
I; 1 when calcium-free citrated frog Ringer solution 
alone is employed 

From the data presented in table 1 it is con- 
cluded that (1) our frogs were sensitive to the 
^vasoconstrictor action of the available angiotonm 
m dilutions of as much as 1 1,000 and always 


in dilutions of 1 500 of the original stock ot 
calcium-free citrated frog Ringer solution and 
(2) that our solutions of angiotonm remained 
potent during the period of our experiments 

After it had been established that the frogs 
were sensitive to dilutions of 1 1,000 to 1 500 
of angiotonm and inasmuch as our earlier experi- 
ments made us decide to use ultrafiltrates of 
citrated plasma, we next found it necessary to 
prove that angiotonm was ultrafiltrable Con- 
sequently a known amount of angiotonm was 
added to calcium-free citrated frog Ringer solu- 
tion and to human blood These solutions were 
then treated as indicated in our discussion of 
methods Four hundred cubic centimeters of 
blood was drawm as usual and citrated to usual 

Table 2B — Vasoconstuctive Effects of an Ultrafiltrate 
of Blood Plasma and an bltiafiltratc of Plasma of 
the Same Blood to Which Angiotonm Had Been 
Added in Proportion of One Cubic Centimeter to 
One Hundred Cubic Centimeters Blood 


Figures Represent Cubic Centimeters of Perfusate in Consecu 
the Too Minute Collection Intervals 



Frog No 

1 

Frog No 2 

Control with 

53 


15 8 

calcium free 

54 


14 2 

citrated frog 

55 


15 4 

Ringer solution 

57 


15 2 


59 


13 0 


0 1 




03 



Ultrafiltrate of 

0 1 

Ultrafiltrate from 

12 0 

plasma from 

0 2 

blood to which 2 cc 

04 

plain blood 

00 

angiotonin/200 cc 

52 


58 

blood had been 

o 0 


5 3 

added 

40 


50 


48 

Return to frog 

4 9 


04 

Ringer solution 

5 0 


10 4 


47 


12 4 


52 


13 2 


50 


13 1 


30 


14 j 


30 




oO 



strength This was 

divided mto two 

poi tions 


The first 200 cc was chilled, centrifuged and 
ultrafiltered as described To the second 200 cc 
w r e added 2 cc of angiotonm and prepared an 
ultrafiltrate Ultrafiltrates from these two dft- 
ferent 200 cc portions w r ere perfused through 
frogs The results w r hen angiotonm was added 
to calcium-free citrated frog Ringer solution are 
shown in table 2 A The results when angiot- 
onm w’as added to blood are shown in table 2 B 

Analysis of data m table 2 A according to 
our interpretation, shows that angiotonm is ultra- 
filtrable in calcium-free citrated frog Rmge~ 
solution And while we do not believe we have 
done experiments numerous enough to be statis- 
tically significant, the data suggest that angiot- 
oniii does not filter quite as rapidly as watei 
This suggestion is based on the finding that 
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the solution lemaining m the sac is slightly 
more vasoconstrictive than either the original 
solution or an ultrafiltrate 
We have concluded from the data given m 
table 2 A and table 2 B that angiotonm is ultra- 
filtrable by our method, can be recovered in 
the ultrafiltrate from blood to which it has 
been added and can be detected m the ultra- 
filtrates from blood plasma by our method of 
bioassa) 

The relative usefulness of our method of ultra- 
filtration of citrated blood plasma compared to 
the use of 1 8 dilutions of plasma as employed 
by Houssay and Taquim to demonstrate vaso- 
constrictor substances m the blood from the renal 
terns of dogs prepared according to Goldblatt’s 
method can be seen in table 3 

These results show that the diluted blood 
plasma to which angiotonm had been added is 
no more effective than the same diluted plasma 
without angiotonm Comparison of these results 
with those in table 2 B will undoubtedly allow 
one to conclude that the vasoconstrictor sub- 
stances m citrated human plasma are m such 
strength that it is almost useless to try to remove 
them by dilution It is obvious that an ultra- 

Table 3 — Effect of One to Eight Dilutions of Citrated 
Blood Plasma and Citrated Blood Plasma Contain- 
ing Angiotonm on the Perfusion Rate 

Figures Represent Cubic Centimeters of Perfusate in Consecu 
tive Two Minute Collection Intervals 

Frog Xo 1 

Control with calcium free citrated frog 8 0 

Ringer solution S 4 

8'2 

68 

53 

78 

76 

1 8 dilution of patient’s plasma 7 2 

74 
G 8 
5 5 
4 0 
2 6 

Frog Xo 2 

Control with the same frog Ringer solution 7G 

80 

' 7 5 

76 
76 
78 

1 S dilution of same patient’s plasma from 6 3 

blood to which 1 cc angiotonin/100 cc 6 0 

blood had been added 5 6 

42 

28 

IS 


filtrate from whole plasma contains much less 
vasoconstrictor substance than a 1 8 dilution 
of plasma An ultrafiltrate has the further ad- 
vantage in studies such as ours that the substance 
m the bioassay of which we* are interested is 
not significantly diluted, but is presumably pres- 
ent m the ultrafiltrate in about the same strength 
as it is m the whole plasma 


EFFECT OF CHANGES IN HYDROGEN ION 
CONCENTRATION ON PERFUSION RATE 

Early m our experiments it w T as decided that 
it was necessary to take into account the possible , 
effect of changes m hydrogen ion concentration , 
on perfusion rate It w r as then found that the , 
calcium-free frog Ringer solution that we made » 

Table 4 — Effect of Slight Changes in the pn on the 
Perfusion Rate , 

Figures Represent Cubic Centimeters of Perfusate in Consecu j 
tive Two Minute Collection Intervals 


Fresh Calcium Free 

Frog Ringer Solution That 

Citrated Frog Ringer 

Had Been Made Dp 

Solution, pn 7 35 

Several Days, Pa S 3 

5 0 

72 

48 

70 

64 

72 

60 

7 2 

60 

70 

(Same frog perfused 

with solutions of different pa) 


* with added 0 4 per cent sodium citrate \ ai led in 
pu from 7 3 to 7 6 approximately Most of our 
plasma ultrafiltrates were found to range from 
pn 8 3 to pn 8 4 In most instances, the pn of 
ultrafiltrates from the two different 200 cc sam- 
ples of blood drawn from the same subject were 
practically identical Because of this small dif- 1 
ference, the effect of slight changes m pn on >, 
perfusion rate was studied The results are 1 
indicated m table 4 They are representative 1 ! 
of many additional experiments which showed l ( 
that changes m pn from 7 3 to 8 3 had no effect j 
or might, as we have just stated, slighth increase j 
the rate of perfusion 

In view of these minor variations and of the 
additional fact that almost all of our ultrafiltrates 
from normal, angiotomn-treated and hyperten- 
sive patients had a pn of about 8 3, it was thought 
that this similarity in concentration m itself w r as 
sufficient control However, most of our work 
was done with calcium-free frog Ringer solution 
which contained 0 4 per cent sodium citrate (The 
same amount as that m citrated plasma) and 
2 cc of fifth-molar solution of dibasic sodium 
phosphate (Na 2 HP0 4 ) per liter and having a 
pn of about 8 3 

To summarize, we have concluded that am 
change in hydrogen ion concentration from cal- 
cium-free citrated frog Ringer solution to ultra- 
filtrates did not account for any of the observed 
changes But to avoid an} possible criticism 
most of our perfusion work was done using as ‘ 
perfusion control a phosphate-buffered calcium- ' 
free frog Ringer solution containing 0 4 per cent , 
sodium citrate and having p H 8 3 almost uni- ‘ 
formh 
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EFFECT OF SODIUM CITRATE IN CALCIUM- 
FREE FROG i RINGER SOLUTION ON 
PERFUSION RATE 

l 

Because the citrated plasma employed con- 
tained 04 per cent sodium citiate, it was neces- 
sat) to add that much sodium citiate to our 
calcium-free frog Ringer solution In view of 
,the identity of strength in both solution and 
i plasma, it might not have been necessary to 
(Control this Because of the effect of sodium 
jcitrate on ionized calcium, however, we did test 
ithe effect of a calcium-free frog Rmger solution 
■ as well as the addition of sodium citrate to a 
'calcium-free frog Ringer solution on the perfu- 
sion rate Table 5 contains some of the experi- 
' mental data bearing on these points 

Examination of the data in table 5 shows that 
the results obtained by perfusing fiogs with cal- 


1 Table S — The Effects of Four Tenths Pei Cent 
Sodium Citiate on the Perfusion Rate 


i Figures Represent Cubic Centimeters of Perfusate in Consecu 
' tive Two Nmute Collection Intervals 


Frog 

No 1 

No 2 

Regular frog 

70 

47 

Rmger solu 

74 

54 

tion pa 7 35 

78 - 

46 


76 

60 


Spilled 

55 


85 
8 G 
98 

Spilled 
10 6 
12 7 
12 2 
12 7 
12 5 
112 
11 0 


Frog 

No 6 

’ 1 Calcium free 

64 

/ frog Ringer 

60 

i solution +- 

58 

O 4% sodium 

60 

, citrate 

58 


5 9 


58 

j- 

59 


57 


58 


No 3 

No 4 

No 5 

59 

80 

117 

5 2 

8 4, , 

15 8 

52 

82' 

16 4 

49 

80 

15 8 

40 

7 8 

14 2 


76 

15 4 



15 2 



15 0 


No 7 

No 8 

No 9 

62 

116 

76 

77 

119 

80 

79 

12 2 

75 

78 

12 5 

* 76 

78 

119 

76 

81 

12 0 

7 8 


116 



54 

55 
54 
53 
53 

52 

53 

47 
49 

48 
47 


1 cium-free frog Ringer solution containing 0 4 
J per cent sodium citrate were not significantly 
\,,different from those obtained with regular frog 
“h Ringer solution The volurhe of perfusate was 
u ithm the same range , the volume in each two 
minute interval tended to stabilize for about 
the same number of minutes and to show a 
pendency to gradual decline in volume with the 
passage of time 


Finally, it was considered necessary to study 
as a control the perfusion behavior when frogs 
were perfused for forty-five to sixty minutes 
with calcium-free citrated frog Ringer solution 
Table 6 show's the data obtained m this study 
It can be seen from this table that the volume 
of the tw'o minute perfusates is constant at 


Table 6 — The Effect of Tune on the Pei fusion Rate 
with Calcium-Free Frog Ringer Solution Contain- 
ing Four Tenths Per Cent Sodium Citrate and Trvo 
Cubic Centimeters Fifth-Molar Dibasic Sodium 
Phosphate (Na~HPOt) Per Liter 
pn Ranging From 7 7 to 8 3 


Figures Represent Cubic Centimeters of Perfusate in Consecu 
tire T«o Minute Collection Intennis 


No 1 

No 2 

No 3 

No 4 

No 5 

No 6 

6/13/44 

6/0/44 

6/13/44 

5/20/44 

5/26/44 

5/11/44 

94 

10 4 

84 

69 

06 

16 4 

10 0 

96 

86 

78 

70 

10 5 

OS 

101 

86 

86 

74 

16 4 

101 

10 8 

91 

84 

74 

17 5 

10 0 

96 

90 

84 

68 

18 4 

101 

96 

88 

79 

09 

10 8 

10 4 

101 

86 

75 

67 

15 6 

10 4 

101 

82 

78 

62 

17 4 

11 0 

10 0 

82 

80 

05 

17 9 

11 0 

99 

78 

79 

04 

18 2 

11 2 

96 

76 

79 

08 

17 8 

112 

92 

66 

79 

09 

17 4 

11 1 

89 

6 ° 

78 

09 

17 4 

10 7 

84 

r 2 

78 

68 

17 0 

10 7 

86 

Lost 

78 

62 

17 3 

10 8 

85 

59 

73 

66 

15 7 

10 9 

86 

54 

6 3 

68 

14 9 

10 8 

8 1 

5 5 

58 

66 

15 2 

10 7 

83 

5 4 

56 

08 

13 9 

10 2 

77 

52 

51 

67 

13 2 

10 3 

77 

52 

55 

68 

11.5 

10 2 

76 

50 

49 

68 

10 2 

99 


Considerable 

4 S 

67 

10 0 

99 


edema 

44 

66 

94 

93 



4 0 

62 

so 


60 SO 

58 S 2 

54 82 

53 83 

51 78 

50 64 

50 54 

51 48 

48 46 

43 4 6 

4 4 4 6 

43 

40 


least for the first twenty minutes In some 


frogs it is constant for periods considerably 
longer than twenty minutes In other frogs 
there is a very gradual decline after the first 
ten periods It may be concluded that the per- 
fusion method is constant enough m the first 
twenty minutes or more to make apparent the 


effects of any vasoconstrictor substances present 
in plasma ultrafiltrates, which w r ere always per- 
fused through the frog within the time limits 
m \yhich the data showed the perfusate volumes 


to be reasonably uniform 

From our control studies we have concluded 


(1) that perfusion of frogs by the method 
described results m uniform rates of perfusion, 

(2) that changes m hydrogen ion concentration 
from 7 3 to 8 3, the range of difference between 
some of our control frog Ringer solutions and 
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our plasma ultrafiltrates, apparently has no effect 
on the pel fusion rate, (3) that calcium-free frog 
Ringer solution containing 0 4 per cent sodium 
citrate apparently has no inherently vasocon- 
strictor effect, (4) that whole or 1 8 dilutions 
of human plasma are entirely unsuitable for per- 
fusion through the frog for our purposes because 
of the considerable amount of vasoconstrictor 
substance m citrated human plasma, (5) that 
frogs prepared for bioassay as we have described 
are often sensitive to dilutions of 1 1,000 and 
always sensitive to dilutions of 1 500 of the 
available angiotonm solution, (6) that the amount 
of angiotonm present m the blood when we have 
injected it and the amount found necessary to 
raise the patients’ blood pressures to 180 to 
200 mm of mercury systolic was about 1 500 
dilution in whole blood or 1 250 m plasma 


of drawing the second 200 cc portion We 
were primarily concerned with this second 200 cc 
portion in our patients m whom angiotonm had 
been injected, because the first 200 cc was used 
as a control Drawing so much blood might 
m itself theoretically cause the body to produce 
vasoconstrictor substances, accordingly we'uspd 
this method of withdrawing two different 200 cc 
portions of blood from all of our three different 
types of patients The work of Sapirstem, Ogden 
and Southard 14 and that of Collins and Hamil- 
ton 15 should be cited m this connection These 
workers have demonstrated that large hemor- 
rhages in experimental animals result in an 
increase of angiotonm On the other hand, 
Page 16 reported that nephrectomy did not pre- 
vent the appearance of vasoconstrictor substances 
in the plasma of dogs that hacf been bled On 



( ) -Mi of experiments ~ -■ 

Percentage change in volume of perfusion (in relation to flow immediately before test fluid) 


J3»l 


KEV 

Control RinqcrSolutlon, 

* • Normo tensive lit sample 

• • * 20? - r 

a b Hypertensive /S’, “ 

□ □ 2rvJ - 

O oMormal before Angiotonm iry 

o o * after 

; soo Angiotonm in Zinger Sol. 

4 A Ultrafiltrate of 1 500 Angiotonm 

A A Residue, after uitrafiltration 

of r 500 AngiotonmeRingcrSti. 
" Ultrafiltrate of plasma 
of r ioo Angiotonm in Blood 


and (7) that angiotonm added to human blood 
- is ultrafiltrable and may be detected m plasma 
ultrafiltrates by the bioassay method used 

EXPERIMENTAL STUDIES 

As a result of the aforementioned control 
studies, we have proceeded with experimental 
observations of bioassay of vasoconstrictor sub- 
stances m ultrafiltrates of citrated plasmas from 
patients of three types those with (1) normal 
blood pressure, (2) hypertension and (3) hyper- 
tension produced by intravenous injections of 
angiotonm 

From all patients the blood was drawn m 
1 two different 200 cc amounts, one immediately 
after the other Ultrafiltrates of the plasma . 
from both 200 cc portions vere made and per- 
fused m order to have a control of the effect 


the basis of these results, Page has suggested 
that at least two substances are involved in 
hemorrhagic shock — a pressor substance from 
the kidney and a vasoconstrictor substance from 
elsewhere in the body 

I Effect of Ultrafiltrates of Plasma from 
Patients with Normal Blood Presswes — Ultra- 
filtrates of plasma from patients with normal 
■ ■ — ■ 1 • • 

14 Sapirstem, L A , Ogden, E, and Southard, 
F D , Jr Renm-Like Substance in Blood After 
Hemorrhage, Proc Soc Exper Biol & Med 48 505- 
508, 1941 

15 Collins, D A , and Hamilton, A S Changes in 
the Renin- Angiotonm System in Hemorrhagic Shock, 
Am J Physiol 140 499-512, 1944 

16 Page, I H The Occurrence of a Vasoconstrictor 
Substance in Blood During Shock Induced bv Trauma, 
Hemorrhage and Burns, Am J Phvsiol 139 386-398. 
1943 
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pressures were studied according to the method 
described The results aie shown in table 7 
and m the chart Studies of blood from 7 other 
normal patients were also made These will be 
referred to again as the individual patient controls 
m connection with the angiotonm-treated group 
Analysis of the data on the vasoconstrictor 
effect of ultrafiltrates of citrated plasma from 
5 patients with normal blood pressures presented 
m table 7 shows individual variation The pres- 


Table 7 — Effect of UlU afiltrates of Ciliated Plasma 
horn Pahents unfit Noimal Blood Picssutcs 


Figures Represent Cubic Centimeters of Perfusate in Consecu 
tire Two Minute Collection Intervals 


(Each column represents the perfusion of a different frog) 


Patient 

h H 

A R R 

S F 

L H H 

S O 

Date 

5/31/44 

G/6/44 

6/9/44 

6/15/44 

6/30/44 

Blond pressure 

115/60 

110/70 

94/62 

120/80 

110/, 0 

Control 

10 0 

94 

12 1 

74 

4 2 

perfusion 

10 0 

89 

12 4 

7 4 

4 4 

buffered 

9 2 

94 

12 0 

74 

4 2 

calcium free 

90 

10 3 

11 2 

72 

4 5 

citrated frog 

90 

10 7 

11 1 

75 

4 6 

Ringer solution 

92 

10 3 

10 9 


47 



10 2 

10 6 





99 




Perfusion with 

10 3 

98 

10 5 

78 

o 4 

ultrafiltrate 

90 

81 

92 

72 

4 0 

from first 200 cc 

92 

6 5* 

80 

68 

3 9 

sample 

90 

56 

70 

59 

38 



4 5 

70 

52 

38 

Buffered frog 

78 

5 3 10 4 

61 04 

4 2 10 8 

2 6 13 4 

Ringer solution 

81 

4 3 10 7 

o9 70 

4 1 10 G 

2 2 ll 3 


84 

4 2 96 

64 84 

4 6 10 8 

2 0 10 6 


78 

3 9t 10 2 

62 82 

5 0! 10 6 

2 2 10 6 


80 

4 3 10 3 

G7 83 

4 9 10 1 

25 94 



4 5 10 2 

64 87 

46 

24 



40 

64 

46 

2 2 






20 






22 

i 

Perfusion with 


11 2 

88 

113 

13 0 

ultrafiltrate 


11 1 

82 

99 

12 0 

from second 


10 9 

7 6 

93 

11 2 

200 cc sample 


10 5 

64 

88 





59 



Return to frog 


91 

4 4 

82 

113 

Rmger solution 


95 

4 2 

86 

10 2 



99 

4 6 

92 

9 4 



99 

4 7 

94 

93 



97 

4 7 

9 1 

9 1 



101 

4 5 

88 

9 1 



96 

4 G 

90 

88 




4 5 


88 






90 






86 






90 






8 4 


* Severe swelling of abdomen 
t Cannula moved 
1 Fluid bloody 


ence of slight amounts of vasoconstrictor sub- 
stances in ultrafiltrates of normal plasma is 
suggested by the data In general, however, 
1 there is only very slight decrease in the volume 
I of perfusate within the first six minutes of the 
1 perfusion As a matter of fact, in some instances 
there was a slight increase in the perfusion 
' volume for the first four minutes m the ultra- 
' - filtrates from both the first and the second 200 cc 
specimen The slight decrease thereafter is 
i thought to be due to the normal trend of perfu- 
sion volumes tq decrease slightly with time. 


even with calcium-free citi ated frog Ringer solu- 
tion plus the slight amounts of vasoconstrictor 
substances in normal plasma It should be em- 
phasized that the amount of the decrease and 
the suddenness with which it occurs after return 
to frog Ringer solution from plasma ultrafiltrate 
is not at all characteristic of the effects of angiot- 
omn in calcium-free citrated frog Ringer solution 
or in plasma ultrafiltrates 

The average effects of the ultrafiltrates from 
both the first and the second 200 cc bleeding 
from 5 patients with normal blood pressures for 
four different two minute perfusion intervals 
are shown graphically in the chart These curves 
will be commented on later 

II Effect of Ultiafilt) ates of Plasma from 
Patients zvith Iiypei tension — Nine patients with 
hypertension were studied according to the meth- 
ods described This study represents the per- 
fusion of 14 frogs with ultrafiltrates from hyper- 
tensive patients, inasmuch as tv o different 200 cc 
specimens of blood were obtained from most of 
these 9 patients The data are show n in table 8 

An extensive numbei of experiments v ith 
angiotomn in calcium-free citrated frog Ringer 
solution and in ultrafiltrates of blood to which 
angiotomn had been added, referred to in other 
tables, have demonstrated that the vasoconstrictor 
effect of angiotomn was always partially or 
completely reversed by immediately subsequent „ 
perfusion with calcium-free citrated frog Ringer 
solution In these studies on ultrafiltrates of 
blood plasma, therefore, we have believed it 
justified to demand that any decrease in per- 
fusion rate apparently produced by an ulti afiltrate 
must return significantly m the direction of the 
control level before we can attribute a decrease 
of volume during the ulti afiltrate pei fusion to 
angiotomn 

If the data in table 8 are analyzed, it may 
be seen that m practically no instance was there 
any greater decrease in perfusion volume from 
the ultrafiltrate from either the first or the second 
200 cc sample obtained from the 9 hvperten- 
sive patients studied than was produced by ultra- 
filtrates of plasma from patients with normal 
blood pressures 

The slight decrease in perfusion volume that 
did ocqur is probably due to a well demonstrated 
tendency of a slight decrease to occur with time 
in all of these experiments This decrease is 
probably due to the absence of protein m 
the perfusion fluids and the consequent loss of 
fluids from the vascular channels as v r ell as to ' 
the slight amount of vasoconstrictor substances 
m all plasma This explanation is supported by 
the invariable finding of edema of the various 
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tissues with the passage of perfusion time and 
b> the greater decrease with plasma ultrafiltrates 
than with calcium-free citrated frog Rmger solu- 
tion 

Studv of the cun es in the chart are revealing 
It should be understood that these curves repre- 
sent averages of values obtained from the various 
groups ot patients studied While there are some 
variations in the curves for the first two minutes, 
we believe it highly significant that the curves 
obtained from plotting the data from the first 


h) pei tensive patients do not contain any more 
vasoconstrictor substances than do ultrafiltrates 
of plasma from patients with normal blood pres- 
sures The curves repiesentmg the «effects of 
plasma ultrafiltrates from normal and from h\- 
pertensive patients are different from curves 
representing the effect of a knowm angiotonm 
solution either m calcium-free citrated frog 
Rmger solution or in an ultrafiltrate from blood 
to which angiotonm had been added This per- 
mits the conclusion that the vasoconstrictor sub- 


Table 8 — Effect of Ultra filtrates of Plasmas from Patients with Hypei tension 


Figures Represent 

Cubic 

Centimeters of 

Perfusate 

in Consecutive 

Two 

Minute 

Collection 

Interv als 



Patient 

G 

s 

H P 

A L 

P F 

A 

w 

N R 

L 

H 

C H 

M W 

Blood pressure 

200/100 

190/J20 

285/165 

192/96 

200/100 

184/120 

240/150 

200/125 

250/150 

Date 

5/12/44 

5/14/44 

5/15/44 

5/19/44 

5/23/44 

5 

./27/44 

7/7/44 

5/6/44 

3/16/44 



A 










A . 


















Frog 

No 1 

No 2 

No 3 

No 4 

No 5 

No 6 

No 7 

No S 

ko 

9 No 

10 No 11 

No 12 

No 13 

No 14 

Perfusion with 

5 0 


15 1 

46 

78 


68 


80 


117 


76 

4 4 

buffered frog 

54 


14-1 

56 

78 


67 


82 


10 3 


82 

5 5 

Rmger solution 

55 


13 8 

62 

7 9 


67 


86 


10 7 


79 

64 

containing 

57 


14 0 

6 5 

79 


66 


83 


10 3 


81 

3 6 

sodium citrate. 

59 


14 8 

67 

78 


6 5 


83 


10 6 


82 

5 G 

pit 7 75 

6 1 


14 2 

63 



64 


86 


11 0 


78 

7 4 


63 


14 6 






84 


11 0 



7 4 




15 4 






1 





7 o 

Perfusion with 

61 


14 6 

6 7* 

70 


5 9 


8 4 


11 1 


94 

53 

ultrafiltrate 

62 


14 0 

76 

70 


68 


66 


112 


7 4 
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t Temperature 30 below control 


200 cc sample from one group of 4 normal 
patients and from another group of 6 normal 
patients (into whom angiotonm was then in- 
jected) are practicalh identical with the curves 
obtained from plotting the data obtained from 
perfusion of 14 frogs with plasma ultrafiltrates 
from patients with hypertension These curves 
do not differ essentially from the curve obtained 
from plotting the ultrafiltrates of the second 
200 cc blood sample from 4 patients with nor- 
mal blood pressures 

We believe, therefore, that we are justified 
m concluding that ultrafiltrates of plasma from 


stance in ultrafiltrates of plasma from normal 
and from hypertensive patients is probabh not 
angiotonm 

III Effect of Ultrgfilti ates of Plasma fiom 
Patients Whose Blood Pi assures Had Been 
Raised by Intravenous Injections of Angiotonm 
— Table 9 presents certain pertinent data which 
should be consulted in the interpretation of the 
results presented in table 10 which records 
the findings in the perfusion of blood ultrafil- 
trates obtained from patients shown m table 9 

Stud\ of the data m table 9 shows that intra- 
venously administered angiotonm imanabh pro- 
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duced a use m blood pressure m the human six to eight minutes being the approximate dura- 

subject The amount of the elevation was fairly tion of the elevation resulting from one injection, 

uniform Seven to 10 cc of angiotonm given As previously stated, the specimens of blood were 

intravenously, particularly in one dose, raised taken very rapidly with an evacuated bottle, in « 

the blood pressure from the usual 120 systolic one to two minutes, at the peak of the elevation 

and 70 diastolic to 180 to 190 systolic and 110 of blood pressure 


Table 9 — Effects on Blood Pressures and the Duration of the Elevation of Blood Pressures of Intravenously . 

Injected Angiotonm 





GREGORY ET AL- 

from the femoral artery The first 200 cc 
was taken immediately beforl and the second 
200 cc was taken during the peak of the rise in 
blood pressure due to intravenously administered 
angiotonm Ultrafiltrates were made from the 
citrated plasma obtained from each bleeding 
The effects on the perfusion rates of the two 
ultrafiltrates were noted by comparing the rates 
with those of ultrafiltrates- from another group of 
normotensive patients in whom angiotonm was 
not injected 

The data m table 10 can be summarized by 
saying that perfusion of frogs with the ultra- 
filtrates from the plasma of the first 200 cc 
control sample from 8 patients had a slight 
vasoconstrictor action This has been previously 
called attention to in table 7, which contains the 
data on othei patients with normal blood pres- 
sures The slight tlecrease m rate of pei fusion 
is attributed to vasoconstrictor effect, because 
the perfusion rate generally' increased to or 
toward previous levels when the ultrafiltrates 
were followed by calcium-free citrated frog 
Ringer solution > 

The ultrafiltrates from blood samples taken 
during the peak of the rise in blood pressure 
due to angiotonm, on the other hand, produced 
a decided drop m perfusion rates This drop was 
manifested immediately and abruptly The per- 
fusion rate always returned toward or nearly 
to the preultrafiltrate rates when perfusion with 
calcium-free citrated frog Ringer solution fol- 
lowed perfusion with these ultrafiltrates 

Examination of the curves in the chart and 
of the tables which present data obtained from 
perfusion of ultrafiltrates of plasma from normal 
or hypertensive patients shows a considerable 
and abrupt fall in perfusion rates for the first 
two minute interval after the resumption of per- 
fusion with calcium-free citrated frog Ringer 
solution We are unable to explain this rather 
characteristic finding in the groups referred to 
It may be 4 ue to technical factors or, it may 
be due to sudden swelling of capillary endo- 
thelium owing to the difference in the composi- 
tion of the two fluids It is noteworthy that 
this fall did not occur after the perfusion of 
any of the fluids or ultrafiltrates containing 
angiotonm 

The chart shows graphically the results dis- 
cussed The sharp and extreme fall produced 
by perfusion of ultrafiltrates of blood taken at 
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t 

the peak of the rise m blood pi essure due to ! 
angiotonm given intravenously is m pronounced 
contrast to the effects of plasma ultrafiltiates j 
from normal and from hypertensive patients 

SUMMARY 

A method for the bioassay of vasoconstrictor 
substances m ultrafiltrates of citrated plasma 
has been devised With adequate control studies, ! 
ultrafiltrates of blood plasma fi om patients v ith j 
normal blood pressure, with essential hyperten*-! 
sion and with elevation of blood pressure pro- j 
duced by angiotonm have been bioassayed for] 
vasoconstrictor substances Ten tables and one s 
graph presenting the results were piepared j 

conclusions j 

The vasoconstrictor effect of angiotonm can 
be detected in perfusions of whole pithed fiogs 

Angiotonm may be ultrafiltrated and detected 
in blood plasma ultiafiltrates by this method 
of bioassay 

Angiotonm may be demonstiated in the ultra- 
filtrates of plasma from patients whose blood 
pressures have been elevated by intravenous in- 
jections of angiotonm , 

Ultrafiltrates of blood plasma from normal 
and from hypertensive patients contain an almost 
identical amount of vasoconstrictor substance ori 
substances j 

Ultrafiltrates of blood plasma from patients! 
made transiently hypertensive by angiotonm con-j 
tarn a much greater amount of vasoconstrictor' 
substance than ultrafiltrates of plasma from hy- 
pertensive patients whose blood pressures are 
much higher 

Plotted curves of vasoconstrictor effects of 
ultrafiltrates of plasma from normotensive and 
from hypertensive persons are identical and differ 
greatly m character from curves of vasocon- 
strictor effects of angiotonm m frog Ringer 
solution or in ultrafiltrates of blood plasma to 
which angiotonm has been added 

Angiotonm is not present in increased amounts 
m the blood of patients with essential hyper- 
tension of long duration , , 

In essential hypertension of long duration, the 
elevation of blood pressure is not due to increased 
production of angiotonm Essential hypertension 
is probably not caused by an increased produc- 
tion of angiotonm ! 



OPTIMUM DOSE OF SULFADIAZINE IN TREATMENT 
OF PNEUMOCOCCIC PNEUMONIA 
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Extensive experience with the sulfonamide 
drugs m clinics throughout the United States 
has established sulfadiazine as the drug of choice 
in the treatment of pneumococcic pneumonia 
because of its greater efficacy and lower toxicity 1 
Flence it is important to establish its optimum 

Martha C Eaton, A B , aided m compiling statistical 
data 

From the Department of Medicine of the Permanente 
Foundation Hospital 

1 (a) Flippin, H F , Rose, S B , Schwartz, L , 
and Domm, A H Sulfadiazine and Sulfathiazole in 
the Treatment of Pneumococcic Pneumonia A Progress 
Report on Two Hundred Cases, Am J M Sc 201 585 
(April) 1941 ( b ) Finland, M , Strauss, E, and 
Peterson, L Sulfadiazine Therapeutic Evaluation and 
Toxic Effects in Four Hundred and Forty-Six Patients, 
JAMA 116 2641 (June 14) 1941 (c) Dowling, 

H F , Hartman, C R , Sugar, S J , and Feldman, 
H A Treatment of Pneumococcic Pneumonia with 
Sulfadiazine, ibid 117 824 (Sept 6) 1941 (d) Smith, 

H J Use of Sulfonamides in Pneumonia, J Iowa 
M Soc 32 450 (Oct) 1942 (<?) Finland, M , Peter- 
son, O L , and Goodwin, R A , Jr Sulfadiazine 
Further Clinical Studies of Its Efhcacv and Toxic 
Effects in 460 Patients, Ann Int Med 17 920 (Dec ) 

1942 (/) Bortz, E L Therapeutics of Pneumonia 
on a Statewide Basis, JAMA 121 107 (Jan 9) 

1943 (g) Flippin, H F , Schwartz, L , and Domm, 

A H Modern Treatment of Pneumococcic Pneu- 
monia, ibid 121 230 (Jan 23) 1943 (/i) Dowling, 

H F , and Lepper, M H Toxic Reactions Following 
Therapy with Sulfapyndme, Sulfathiazole, and Sulfa- 
diazine, ibid 121 1190 (April 10) 1943 (i) Collen, 

M F , and Dybdahl, G L The Management of 
Pneumonia A Review of 517 Cases, Permanente Found 
M Bull 1 14 (July) 1943 (;) Shackman, N H , and 

Bullowa, J G M Sulfadiazine Administered Alone 
and with Antipneumococcus Serum in the Treatment of 
Pneumococcic Pneumonia, Arch Int Med 72 329 
(Sept) 1943 ( k ) Reimann, H A Infectious Dis- 

eases Ninth Annual Review' of Significant Publica- 
tions, ibid 72 388 (Sept) 1943 (l) Peterson, O L, 

and Finland, M Modern Treatment of Pneumonia, 
M Clin North America 27 1291 (Sept ) 1943 (w) 

Plummer, N , and Wheeler, C The Toxicity of Sulfa- 
diazine Observations on 1,357 Cases, Am J M Sc 
207 175 (Feb ) 1944 (») Dowling, H F , Dumoff- 

. Stanley , E , Lepper, M H , and Sweet, L K Relative 
' Toxicity of Sulfamerazme and Sulfadiazine, JAMA 
‘125 103 (May 13) 1944 (o) Samper, B A, and 

t Finland, M Present-Day Specific Treatment of the 
Pneumonias, M Clin North America 28 1067 (Nov ) 

1944 


dose m order that it may be used with maximum 
effectiveness 

The initial dose of sulfadiazine usually advo- 
cated is 4 or 5 Gm 2 However, it varies from 
2 3 to 7 11 Gm A maintenance dose of 1 Gm 
every four hours is usually given,' 1 although 
1 Gm 5 or 2 Gm 11 every six hours have also 
been used It has been demonstrated 11 that, 
since sulfadiazine is excreted slowly, a propor- 
tionately higher dose given* every six hours is 
as effective in maintaining adequate blood con- 
centrations as is a four hourly dose 

Early in the use of sulfadiazine, its adminis- 
tration by the intravenous route was reserved 
for critically ill patients and for patients who 
could not take medicaments 0 orally More re- 
cently, however, the administration of 5 Gm 
of sodium sulfadiazine intravenously as soon as 
the diagnosis of pneumococcic pneumonia is made 
has been recommended for all patients who are 
moderately or severely ill This is to be repeated 

2 (a) Volmi, I F , Engbrmg, G , Peffer, J R, 

and Schorsch, H The Treatment of Pheumonia with 
Sulfadiazine Five Hundred and Thirty-Three Patients 
in Two Seasons, M Clin North America 28 267 (Jan ) 
1944 (b) Finland, Strauss and Peterson lb Dowling 

and others lc Shackman and Bullowa U Peterson and 
Finland 11 Dowling and others ln Samper and Fin- 
land 10 

3 (a) Jeck, H S , and Orkm, L Toxic Renal 

Reactions Following the Use of Sulfadiazine, J Urol 
49 290 (Feb) 1943 (b) Dowling and others 10 .Dow- 

ling and others 1B 

4 (ci) Billings, F T, Jr, and Wood, W B , Jr 

Studies on Sulfadiazine III The Use of Sulfadiazine 
in the Treatment of Pneumococcal Pneumonia, Bull 
Johns Hopkins Hosp 69 314 (Oct ) 1941 ( b ) Browne, 

S M , Marvin, H P , and Smith, E. R Sulfadiazine 
Pneumonia Therapy m Canal Zone (with Especial Ref- 
erence to Bradycardia), Dis of Chest 9 297 (July) 1943 

(c) Sulfadiazine, report of the Council on Pharmacy 
and Chemistry, J, A M A 118 730 (Feb 28) 1942 

(d) Flippin and others 10 Finland, Strauss and Peter- 
son lb Dowling and others 10 Shackman and Bullow'a 1J 
Samper and Finland 10 Volini and others 2,1 Jeck and 
Orkm 3a Flippin, Schwartz and Domm 1 c 

5 Fhppm, Schwartz and Domm 1 s> Shackman and 
Bullowa. 11 

6 Flippin and others ln Finland, Strauss and Peter- 
son lb Dowling and others 10 Flippin, Schwartz and 
Domm Shackman and Bullowa U Billings and 
Wood 4a 
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if, for any reason, adequate dosage cannot be 
maintained by oral medication ‘ It has been 
pointed out that intravenous administration of 
the initial dose starts therapy at once, 8 avoiding 
the delay of four to eight hours required for 
the absorption of sulfadiazine given orally 0 
Peterson and Finland 11 stated that sulfadiazine 
is erratically absorbed m sick and toxic patients 
and that therapeutic levels may be difficult to 
reach m such patients 'by oral medication alone 
Blood concentrations of sulfadiazine with usual 
doses vary from 5 to 10 mg per hundred cubic 
centimeters 10 It has been recommended that 
the blood level be maintained between 8 and 
12 mg , u 8 and 15 mg 11 or 8 and 10 mg 2a and 
at no less than 10 mg m moderately ill patients 
and between 15 and 20 mg m severely ill 
patients 11 

Although Dowling and his associates 12 en- 
titled their study “The Comparative Value of 
High and Low Doses of Sulfadiazine in the 
Treatment of Pneumococcic Pneumonia,” they 
actually compared usual doses with low doses 
They did not use more than the usual dose 
(4 to 5 Gm initially and 1 Gm every four 
hours thereafter) at any time The low dose 
consisted of 2 Gm initially and 0 5 Gm every 
four hours thereafter They found no signifi- 
cant difference between the mortality fates in 
these two groups The group receiving the 
lower dose had a higher morbidity and had 
almost 50 per cent more complications than the 

7 (a) Frisch, A W . , Price, A E , and Myers, G B 
Pneumococcic Pneumonia The Selection and Control 
of Serum and Chemotherapy by Sputum Examinations, 
Am J M Sc 205 771 (June) 1943 (fc) Collen and 
Dybdahl 11 Shackman and Bullowa *1 Peterson and 
Finland 11 

8 Collen and Dybdahl 11 Volim and others 2a Frisch, 
Price and Myers 7a 

9 (a) Reinhold, J G , Flippin, H F , Schwartz, L , 

and Domm, A H The Absorption, Distribution, and 
Excretion of 2-Sulfanilamido Pyrimidine (Sulfapyrimi- 
dme, Sulfadiazine) in Man, Am J M Sc 201* 106 
(Jan ) 1941 ( b ) Peterson, O L , Strauss, E , Taylor, 

F H L , and Finland, M Absorption, Excretion and 
Distribution of Sulfadiazine (2-Sulfanilamido-Pyrimi- 
dine),, ibid 201 357 (March) 1941 (c) Samper and 

Finland 10 

10 Fhppm and others la Dowling and others lc Fin- 
land, Peterson and Goodwin 10 Shackman and Bullowa 
Dowling and others 10 Samper and Finland. 10 Volmi 
and others 2a Jeck and Orkin 3a Remhold and others 9a 
Peterson and others 9b 

11 Lowell, F C The Present Status of Sulfon- 
amide Therapy, M Clm North America 27 1247 
(Sept) 1943 

y 12 Dowling, H F , Hartman, C R. , Feldman, H A , 
and Jenkins, F A The Comparative Value of High 
and Low Doses of Sulfadiazine in the Treatment 
of Pneumococcic Pneumonia, Am J M Sc. 205*197 
(Feb ) 1943 


group receiving the higher dose The only con- 
clusion that can be drawn from this study is 
that doses smaller than the usual are not so 
effective 

Frisch, Price and Myers 7a found that lower 
than usual doses for mildly ill patients with 
pneumonia, having sputum counts of less than 

35 pneumococci per oil immersion field, resulted 
in a higher incidence of relapses and complica- 
tions 

Marangoni and D’Agati, 13 m treating menin- 
gococcic infections, gave 25 Gm of sulfadiazine 
during the first twenty-four hours and 12 to 
15 Gm daily thereafter, maintaining blood levels 
of from 15 to 20 mg per hundred cubic centi- 
meters By such a regimen they obtained a 
mortality rate among the patients thus treated 
of only 3 1 per cent After contrasting their 
results with the usual 10 per cent mortality 
rate reported in the literature, they recommended 
the use of massive doses of sulfadiazine m the 
treatment of memngococcic infections 

Browne 4b noted 1 death in 100 consecutive 
patients with pneumonia who obtained high blood 
levels of sulfadiazine from 8 to 30 8 mg per 
hundred cubic centimeters Frisch, Price and 
Myers 7a reported on a group of patients (classed 
as severely ill) with sputum counts between 

36 and 50 pneumococci per oil immersion field 
who were given double the routine dose (4 Gm 
intravenously and 4 Gm orally, then 2 Gm 
every four hours * thereafter) The mortality 
rate in this unfavorable group, only 9 per cent, 
they ascribed to the use of “intensive chemo- 
therapy ” Patients classed by them as having 
“overwhelming pneumonia,” with sputum counts 
over 50 per oil immersion field, who received 
the usual dose (4 Gm initially followed by 
1 Gm every four hours) had a mortality rate 
of 79 per cent In a similar group who received 
double this dose the mortality rate was 42 per 
cent The conclusion reached by these investi- 
gators was that “massive doses of sulfonamide 
intravenously offer a greater chance of survival” 
and that “it is possible even larger doses might 
be more effective when the sputum count exceeds 
50 per field ” 

In a group of patients previously reported 
on 11 it was found that the maintenance of higher 
sulfadiazine blood levels reduced the gross mor- 
tality In that study it was frequently observed 
that patients would have large numbers of pneu- 
mococci in the sputum and active spread of 

13 Marangoni, B A , and D’Agati, V C Treatment 
of 134 Cases of Memngococcic Infection with Massive 
Doses of Sulfadiazine, Am J M Sc 207*67 (Jan) 
1944 
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pneumonia with the usual doses of sulfadiazine 
but would show prompt improvement with an 
increase in the dosage of the drug This obser- 
vation prompted the present clinical study 
Gross mortality statistics for pneumonia have 
little comparative value, since so many variable 
factors are involved m determining the severity 
of pneumonia m.an individual patient No 2 
cases or series of cases can be dnectly compared 
unless they repi esent conditions of approximately 
equal seventy 

The mortality rates of pneumococcic pneu- 
monia treated with sulfadiazine and .specific anti- 
serums m large series of reported cases vary 
from 7 6 per cent (Billings and Wood la in a 
series containing fewer patients with bacteremia 
and more patients treated earl) m the course of 
the disease) to 14 3 per cent (Shackman and 
Bullowa 13 m a series containing a higher per- 
centage of older patients) The average mor- 
tality rate with sulfadiazine therapy m the larger 
series reported is approximately 10 per cent 14 
Because the series reviewed does not neces- 
sarily represent cases of pneumonia of equal 
seventy, the gross statistics are of value only 
m a general way m indicating success of treat- 
ment 

OUTLINE or CLINICAL STUDY 

It is the purpose of this study to compare 
results for two series of patients, in whom the 
disease was similarly severe, cared for in the 
same hospital by the same staff and treated 
with the same general therapeutic routine, except 
that the first group received the usual doses of 
sulfadiazine while all moderately and severely ill 
patients m the second group received double 
the usual dose 

The diagnosis of pneumonia was substantiated 
m every case by positive roentgenographic evi- 
dence No patients with “minimal pneumonia,” 
“pneumonitis” or similar indefinite diagnoses 
were included m either series Patients with 
pneumonia as a contributory diagnosis to another 
primary illness were excluded 

From September 1942 thiough August 1943, 
618 patients with pneumococcic pneumonia were 
treated at the Permanente Foundation Hospital 

14 (a) Collen, M F , Dybdahl, G L, and O’Brien, 
G F A Study of Pneumonia m the Shipbuilding In- 
dustry The Epidemiology and Management of 864 
Cases over a One-Year Period in the Kaiser Richmond 
Shipyards, J Indust Hyg & Toxicol 26 1 (Jan ) 1944 
( b ) Flippin and others 5 ' Finland, Strauss and Peter- 
son 115 Dow ling and others lc Smith 1 * 1 Finland, Peter- 
son and Goodwin le Bortz 11 Flippin, Schwartz and 
I)omm W Dowling and Lepper 111 Reimann lK Dowling 
and others ln Yolini and others 2 * 1 


The majority of this group received 4 or 5 Gm 
of sulfadiazine orally as an initial dose, severely 
ill patients leceived an initial dose of 5 Gm 
of sodium sulfadiazine intravenously and 2 Gm 
of sulfadiazine orally One gram of sulfadia- 
zine every foui hours or 2 Gm every six hours 
was administered as a maintenance dose 
Average blood levels \aned from 8 to 10 mg 
of sulfadiazine per hundied cubic centimeters 
As is evident, this first group received the 
usually lecommcnded dose of sulfadiazine 
Adjuvant therapy in the form of fluids, ex- 
pectorant cough mixtures, oxygen by inhalation 
and specific pneumococcus serum (see table 9) 
was used routinely In this group of 618 patients 
66, or 10 7, pei cent died 
From September 1943 through April 1944, a 
group of 748 patients with pneumococcic pneu- 
monia were treated at this hospital This group 
of patients received the same adjuvant therapy 
and general therapeutic regimen as the first 
group However, every patient m this second 
group who was moderately or severely ill re- 
ceived 5 Gm of sodium .sulfadiazine intra- 
venously and 5 Gm of sulfadiazine orally (total 
10 Gm ) as an initial dose This was followed 
by 4 Gm of sulfadiazine orally every six hours 
as a maintenance dose In this group blood 
sulfadiazine levels were found to range from 
12 to 20 mg per hundred cubic centimeters In ' 
critically ill patients attempts were made to 
maintain blood sulfadiazine levels at about 20 
mg or even higher In this second group 
(748 patients) 46, or 62 per cent, died 
These results indicate that for patients with 
pneumococcic pneumonia higher doses of sulfa- 
diazine (10 Gm initially and 4 Gm every six 
hours thereafter, producing blood levels of sulfa- 
diazine of 12 to 20 mg per hundred cubic centi- 
meters) resulted in a gross mortality rate of 
only 6 2 per cent, as compared with a mortality 
rate of 107 per cent for those treated with the 
usual dosage (average 5 Gm initially and 2 Gm 
every six hours thereafter, with blood levels of 
sulfadiazine of 8 to 10 mg) With no .other 
change m therapy, doubling the dose of sulfa- 
diazine decreased the gross fatality rate by 
40 per cent of its previous figuie This con- 
firms the report of Frisch, Price and Myers 7a 

COMPARATIVE SEVERITY Or ILLNESS 

in the two Series 

Since it has been emphasized that gross mor- > 
tahty statistics have little comparative value 
unless they are for illnesses of approximately 
equal seventy, these two groups are analyzed 
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as to the comparative severity of the various 
important factors which influence the mortality 
rate of pneumococcic pneumonia (tables 1 
through 9) 

Age of Patients — As is demonstrated m 
table 1, the age of a patient is an extremely 
important factor influencing mortality in pneu- 
monia Table 1 further shows that the compara- 
tive incidence according to age agrees very 
closely in the two series It is important to 


evident m table 2 The incidence of multiple 
lobar involvement as slightly higher m the 
group receiving the double dose This factor 
tends to favor the group receiving the usual 
dose as being less severely ill on the whole 
However, the double dose regimen was as effec- 
tive in lowering the mortality rate m the group 
with multiple lobar involvement as it was in 
those patients with involvement of only a single 
lobe 


Table 1 — Compaiatwc Incidence by Age 




Usual Dose 



Double Dose 



r~ — 

Patients, 

Incidence 

Deaths, 

Mortality, 

r 

Patients, 

Incidence, 

Deaths, 

Mortality, 

Age, Years 

Number 

per Cent 

Number 

per Cent 

Number 

per Cent 

Number 

per Cent 

Under 20 

35 

57 

1 

29 

49 

66 


00 

20 29 

129 

209 

5 

39 

141 

18 8 

3 

21 

30-39 

137 

221 

9 

66 

177 

237 

5 

28 

40 49 

136 

22 0 

25 

18 4 

172 

22 9 

10 

58 

50-59 > 

103 

16 7 

16 

15 5 

126 

16 9 

18 

14 3 

604® 

72 

116 

10 

13 9 

75 

10 0 

9 

12 0 

70 and over 

6 

10 

0 


8 

1 1 

1 


Total 

618 

100 0 

66 

10 7 

748 

100 0 

46 

62 


Table 2 — Comparative Seventy by Number of Lobes Involved 



Usual Dose 

A _ 



Double Dose 



f 

Patients, 

Incidence 

Deaths, 

Mortality, 

Patients, 

Incidence, 

Deaths, 

Mortality, 

Involvement, Lobe 

Number 

per Cent 

Number 

per Cent 

• 

Number 

per Cent 

Number 

per Cent 

Single 

438 

70 9 

22 

50 

498 

665 

16 

32 

Multiple 

180 

291 

44 

205 

250 

33 5 

30 

12 0 

Total 

618 

100 0 

66 

10 7 

748 

100 0 

46 

62 




Table 3 — 

■Comparative Incidence of Specific Pneumococcic Types 



Pneumo 

COCCJC 


Usual DoEe 

- - A 


Pneumo 

coccic 


Double Dose 


Patients, 

Incidence, 

Deaths, 

Mortality, 

Patients, 

Incidence, 

Deaths, 

Mortality, 

Type 

Number 

per Cent 

Number 

per Cent 

Type 

Number 

per Cent 

Number 

per Cent 

VII 

68 

110 

20 

29 4 

VII 

92 

12 3 

10 

10 9 

IV 

34 

55 

5 

14 7 

XXV 

55 

74 

1 

1 8 

I 

29 

4 7 

4 

13 8 

I 

52 

70 

6 

11 5 

XXV 

26 

4 2 

3 

11 5 

III 

47 

63 

16 

34 0 

II 

22 

36 

6 

27 3 

V 

45 

60 

2 

4 4 

VDL 

16 

26 

0 

00 

VIII 

32 

43 

0 

00 

XII 

14 

23 

2 

14 3 

IV 

11 

41 

4 

12 9 

III 

11 

1 8 

2 

18 2 

XII 

30 

4 0 

2 

07 

V 

11 

3 8 

2 

18 2 

XXIV 

13 

3 7 

1 

7 7 

IX 

10 

1 6 

2 

20 0 

XXXII 

13 

1 7 

0 

O ft 

XX 9 

XXXIII 8 

XTV • 7 

VI 6 

XXIV 5 

Organisms typed for 

1 5 

I 3 

I I 

1 0 

08 

311 patients 

1 

1 

1 

1 

0 

Total patients, 618 

XX 11 15 

XXXIII 11 2 5 

II 10 13 

XVIII 10 13 

XIX 30 13 

Organisms typed for 532 patients 

0 

0 

2 

0 

1 

Total patients, 748 


note that 51 per cent of the patients m both 
series vere over 40 years of age and that only 
6 per cent were under 20 years of age It 
is of interest that m the series of patients 
receiving the double dose the mortality rate is 
lower m every decade 

-/ Comparative Seventy Accoidmq to Numbei 
of Lobes Involved — The extent of involvement 
of the lungs by pneumonia is of great importance 
m determining the severity of the disease as is 


Compaiatwc Incidence of Specific Pneunw - 
coccic .Types — Table 3 reveals that Pneumo- 
coccus type VII was m both series the most 
frequent etiologic organism and was encoun- 
tered with approximately the same incidence 
Types XXV and I were also prominent in both 
groups It is important to note that illnesses 
caused b\ type III not onh greatly increased 
m frequenc) m the group receiving the double 
dose, but almost doubled m percentage of mor- 



26 


archives of internal medicine 


tality This observation suggests that sulfa- 
diazine m any dosage is of little value m the 
treatment of Pneumococcus type III pneumonia 
Although it is difficult to draw any conclusions 
from table 3, it is appaient that the same types 
were prominent in both groups and that a general 
decrease in percentage of mortality occuired m 
the gioup receiving the double dose (exclusive 
of type III) 

Comparative Incidence of Bacteieima — Blood 
for culture was taken routinely on every patient 
before any sulfadiazine was administered The 


table 5, a leukocyte count below 6,000 cells per 
cubic millimeter is a grave sign Leukocyte 
counts presented in this table are those taken 
on the patient’s admission to the hospital and ' 
cannot be interpreted as being due to sulfadia- 
zine toxicity (Leukopenia as a manifestation 
of drug toxicity is presented in table 12 ) Table 5 
demonstrates that the incidence of leukopenia is 
identical m the two groups of patients In the 
group of patients critically ill with leukopenia, 
the double dose regimen resulted in a consider- 
ably decreased mortality 


Table 4 — Comparative Incidence of Bacteremia 




Usual Dose 



Double Dose 



flatients, 

Incidence 

Deaths, 

Mortality, 
per Cent 

Patients, 

Incidence, 

Deaths, 

Mortality, 

Bacteremia 

X umber 

per Cent 

Number 

Number 

per Cent 

Number 

per Cent 

Present 

76 

32 3 

25 

32 0 

03 

12 4 

15 

361 

Absent 

642 

87 7 

41 

77 

025 

836 

31 

50 

Unknown or not deter 
mined 

0 

00 

0 

00 

30 

4 0 

0 

00 

Total 

018 

100 0 

66 

10 7 

748 

100 0 

48 

62 




Table 5 

— Comparative Inctdcnu 

of Leukopenia 





Usual Dose 



Double Dose 


Leukocytes 

’ Patients, 

Incidence, 

Deaths, 

Mortality, 

' Patients, 

Incidence, 

Deaths, 

Mortality, 

per Cu Mm 

Number 

per Cent 

Number 

fwr Cent 

Number 

per Cent 

Number 

per Cent 

Under 6,000 

34 

5 5 

22 

667 

42 

£6 

20 

47 C ' 

6 000 to 10,000 

72 

11 G 

13 

18 o 

94 

12 7 

9 

90 

10,000 to 25,000 

376 

609 

22 

69 

455 

609 

13 

29 

Over 25,000 

327 

20 6 

9 

71 

153 

20 3 

3 

20 

Unknown 

9 

15 

0 


4 

05 

1 


Total 

638 

100 0 

66 

30 7 

748 

100 0 

40 

02 



Table 6 — 

-Comparison of Number of Days of Illness Before Hospitalization 




Usual Dose 

- / 



Double Dose 


Days ol Illness, 

Patients, 

Incidence 

Deaths, 

Mortnhty, 

Patients, 

Incidence, 

Deaths, 

Mortality, 

Number 

Number 

per Cent 

Number 

per Cent 

Number 

per Cent 

Number 

per Cent 

1 

156 

252 

12 

77 

187 

25 0 

0 

32 

2 

145 

23 6 

14 

97 

138 

38.3 

3 

22 

3 or 4 

104 

20 6 

20 

12 2 

206 

27 7 

11 

53 

Over 4 

114 

18 4 

15 

13 2 

202 

27 0 

24 

119 

Unknown 

39 

63 

5 


15 

20 

2 


Total 

018 

100 0 

06 

30 7 

748 

100 0 

46 

62 


presence of bacteremia is an important factor 
influencing the mortality of pneumococcic pneu- 
monia, as demonstrated m table 4 This table 
shows that the incidence of bacteremia was al- 
most identical m the two groups of patients 
In patients with a positive blood culture, a great 
decrease m mortality rate occurred in the group 
treated with the double dose regimen as com- 
pared with those treated with usual doses 
Comparative Incidence of Leukopenia — The 
importance of leukopenia as a prognostic factor 
in pneumococcic pneumonia 1411 is not always 
emphasized, but, as is clearly demonstrated m 


Comparison of Nitmbei of Days of Illness 
Pi lot to Hospitalization — The number of days 
a patient is ill before his admittance to the hos- 
pital is of some importance m influencing the 
mortality of pneumococcic pneumonia The 
onset of illness was considered to be the first 
day on which the patient noted pain in the chest, 
blood-streaked sputum or chill The incidence 
of patients admitted after only one day of illness 
is the same in both groups, as shown m table 6 ^ 
However, the group receiving the double dose 
contained a greater number of patients who were 
admitted late in their illness -This factor tends 
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to fat or the group receiving the usual dose 
as being less seterely ill 

Compcn atwc Incidence by Seventy of Asso- 
ciated Diseases — Obviously the presence of an 
associated disease may be highly important m 
influencing the mortality of pneumonia The 
grading of the seterity of an associated disease 
is difficult and depends on the judgment of the 
examiner Some uniformity of grading was 
attempted by grading an associated disease as 
“nnld ’ if it \\ as sufficienty severe to aggravate 
or alter the course of the pneumonia, “moderate” 
if it was sufficiently se\ere so that associated 


Frequency of Use of Adjuvant Specific Pneu- 
mococcal Theiapy — Adjuvant therapy, as out- 
lined elsewhere, 11 was identical m both groups 
Specific pneumococcus serum was given through- 
out for similar indications Five and eight- 
tenths per cent more patients in the group receiv- 
ing the double dose received specific serum 
than in the group receiving the usual dose, as 
shown in table 9 This increased use of serum 
was primarily due to its liberal administration 
to the majority (59 6 per cent) of patients with 
Pneumococcus type III pneumonia In all other 
types, the frequency with which adjuvant serum 


T\ble 7 — Comparative Incidence by Seventy of Associated Diseases 


Usual Dose Double Dose 


Associated Diseases, 

i 

Patients, 

Incidence, 

Deaths, 

Mortality, 

Patients, 

Incidence, 

Deaths, 

Mortality, 

Grade of Se\ entv 

Number 

per Cent 

Number 

per Cent 

Number 

per Cent 

Number 

per Cent 

Present 

122 

10 7 

17 

13 9 

142 

19 0 

15 

10 6 

Mild 

64 

52 5 

4 

62 

34 

36 C 

O 

69 

Moderate 

37 

30.3 

4 

10 S 

43 

46 2 

0 

00 

Seiere 

21 

17 2 

9 

42 S 

16 

17 2 

12 

75 0 

Total graded 

122 

100 0 

17 

13 9 

93 

100 0 

14 

151 

Sc\ entv not graded 

‘6 

00 

0 

' 00 

49 

00 

1 

20 

Not present 

4% 

SOS 

40 

99 

606 

SI 0 

31 

51 

Total 

CIS 

100 0 

CG 

10 7 

74S 

100 0 

46 

62 


w ith pneumonia it might endanger the life of the 
patient and "set ere if the associated disease \\ as 
m itself sufficient to jeopardize the life of the 
patient Table 7 show's that associated diseases 
were present with the same frequency in the two 
groups Associated diseases graded as “severe” 
were present m 17 per cent of both series 


Tvble S — Comparative Number of Deaths Occurring 
Within Sir Hours After Admission 



Usual Dose 

Douolo Dose 

Time of Death, 
Hours After Admission 

Deaths, 

Number 

Deaths, 
per Cent 

Deaths, 

Number 

Deaths 
per Cent 

Under 6 

Over o 

3 

63 

4 5 

95 5 

5 

41 

10 9 

S9 1 

Total 

6G 

100 0 

46 

100 0 


Compaiatxvc Nwnbei of Deaths Occur nnq 
Within Six Horns After Patient's Admission — 
Patients who die within a few' hours after their 
admission to the hospital obviously alter mor- 
tality' statistics wuthout indicating the effect of 
therapy Therefore it is important to consider 
this factor m comparing these two series Table 8 
indicates that over twuce as many patients who 
died within six hours w r ere admitted during 
the period w'hen the double dose regimen w'as 
used than W'hen the usual dose of sulfadiazine 
was used By eliminating patients who died 
within six hours after their admission, the mor- 
tality rate of the patients treated wuth the usual 
dose is 10 2 per cent and wuth the double dose, 
5 5 per cent 


was used differed m the two groups by only 
3 7 per cent There is no reason to believe that 


Table 9 — Comparative Frequency of Use of Adjuvant 
Scrum Theiapy 



Usual Dose 

Double Doso 




Inch 


Inci 



Patients, 

dence. 

Patients, 

dence. 

Increase, 


Num 

per 

Num- 

per 

per 

Scrum 

ber 

Cent 

ber 

Cent 

Cent 

T> pe III 

Serum used 

5 

45 5 

28 

59 6 

14 1 

Serum not used 6 

Others (exclusive of III) 

54 5 

19 

40 4 


Serum used 

SS 

14 5 

12S 

18 2 

37 

Serum not used. 

519 

S55 

573 

81 8 


All types 

Serum used 

93 

151 

156 

20 9 

58 

Serum not used 

525 

849 

592 

791 


Total 

61S 

1000 

748 

100 0 



this small increase m the use of serum could 
influence the final mortality statistics to any 
great degree, because it has been showm that 
wdien an adequate dosage of sulfadiazine is 
used little further decrease m mortality occurs 
wuth the added use of specific serum 14a The 
increased use of serum was as ineffectual a*s 
the increased dose of sulfadiazine (table 3) in 
reducing the mortality of type III Pneumococcus 
pneumonia 

14a Frisch, Price and Myers Plummer, N, and 
Others Chemotherapy Versus Combined t Chemo- 
therapy and Serum in the Treatment of Pneumonia. 
A Study of 607 Alternated Cases, JAMA 116 : 
2366 (May 24) 1941 
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Summary of Factors of Comparative Seventy 
— Tables 1, 3, 4, 5 and 7 demonstrate that the 
two groups of patients are comparable and 
similar with reference to (1) size, (2) age inci- 
dence, (3) comparative incidence of specific 
pneumococcus types, (4) incidence of bacteremia, 
(5) incidence of leukopenia and (6) compara- 
tive seventy of associated diseases 

Tables 2, 6 and 8 show that the group receiv- 
ing the double dose could be considered some- 
what more severely ill because of (1) a higher 
incidence of multilobar involvement, (2) a 
greater number of patients admitted late in their 
illness and (3) a greater incidence of patients 
m terminal stages who died within six hours 
after admission On the other hand, table 9 
indicates that this group was favored by a 
slightly higher frequency with which adjuvant 
specific pneumococcus serum was used In gen- 
eral these two groups of patients are remarkably 
similar with reference to the various factors 
which influence mortality m pneumococcic pneu- 
monia Although there are a few factors which 
tend to favor each group, it is reasonable and 
justifiable to assume that they tend to balance 
and will not be of great importance in influencing 
the final results 

It has been established that these two groups 
of patients are approximately equal in severity 
of illness, and therefore their mortality statistics 
can be directly compared 

THERAPEUTIC EVALUATION OF USUAL AND 
DOUBLE DOSES OF SULFADIAZINE 

The evaluation of the success of therapy m 
pneumonia encompasses a study of the mortality 
rate, the incidence of complicating conditions, 
the length of stay in the hospital and the fre- 
quency of relapse 

Gioss Mortality Rate — The data presented 
here demonstrated that in two groups of patients 
with pneumonia of comparable seventy the gross 
mortality in those treated with usual doses of 
sulfadiazine was 10 7 per cent, while m those 
treated with double the usual dose it was 6 2 per 
cent The corrected mortality rate, excluding 
patients who died within six hours after their 
admission to the hospital, was 10 2 per cent 
with the usual dose and 5 5 per cent with the 
double dose 

Comparative Incidence of Complicating Condi- 
tions — Table 10 shows that the incidence of 
sterile pleural effusions in the group of patients 
treated with the double dose regimen was only 
2 7 per cent, as compared with 5 2 per cent 


m the group treated with usual doses The 
incidence of other important complicating con- 
ditions was equally low in both series 

Comparative Length of Stay in the Hospital 
— Excluding those who died, 65 8 per cent of 
patients treated with double doses had recovered 
from their illness and were discharged from the 
hospital m less than seven days, whereas only 
45 0 per cent of patients treated with usual doses 
had a similar stay The criteria for discharge 
m both groups were the same namely, chemo- 

Table 10 — Comparative Incidence of Complicating 
Conditions 


Usual Dose Double Dose 

i — *- \i- — — • — ■* — ' 

Patients, Incidence, Patients, Incidence, 
Complication Aumbcr percent Aumbcr percent 


Sterile effusion 

32 

52 

20 

27 

Empyema 

1 

02 

2 

03 

Pulmonary abscess 

1 

02 

4 

OC 

Meningitis 

O 

03 

0 

00 

Endocarditis , 

1 

02 

o 

03 

Pericarditis 

1 

02 

2 

' 03 


therapy was discontinued after twenty-four to 
forty-eight hours of normal temperature, and 
the average patient was discharged twenty-four 
to forty-eight hours later Severely ill patients 
usually required two to four more days of con- 
valescence It is also noteworthy that only 
8 1 per cent of patients treated with double doses 
required over two weeks of hospitalization, 
whereas 144 per cent of patients treated with 
usual doses required over fourteen days of hos- 
pital care 


Table 11 — Compai ativc Length of Hospital Stay * 



Usual Dose 

Double Dose 











Patients, 

Cases, 

Patients, 

Cases, 

Hospital Days 

A’umber 

per Cent 

A umber 

per Cent 

Under 7 

248 

45 0 

401 

05 8 

7 to 14 

224 

40 G 

184 

201 

15 to 21 

40 

72 

20 

4 X 

22 to 28 

17 

31 

II 

1 u 

Over 28 

23 

4 1 

17 

24 

Total 

552 

100 0 

702’ 

100 0 

* Fatalities are excluded from 

these figures 



Reliable data on the incidence of relapses are 
not available on the group of patients treated 
with usual doses, and so no comparison can be 
drawn 

The treatment of patients with pneumococcic 
pneumonia with double doses of sulfadiazine 
resulted m (1) a decrease m the mortality rate 
from 10 2 to 5 5 per cent, (2) a decrease m 
the incidence of pleural effusions from 5 2 to 2 7 
per cent and (3) a decrease in the average 
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number of days in the hospital required for 
recovery (66 per cent required less than seven 
days, as compared with 45 per cent) 

INCIDENCE OF SUprADIAZINE TOXICITY 

It is important m studying the use of any 
drug to evaluate its toxicity Numerous inves- 
tigators have demonstrated that there are two 
distinct types of toxic reactions to sulfadiazine 
The control of the commoner type and the pie- 
vention of such conditions as crystalluria and 
hematuria depend on an adequate volume of 
urine of sufficient alkalinity to dissolve the sulfa- 
diazine The problem can be easily eliminated 
by proper administration of alkali 15 Every 
patient on the double dose regimen leceived the 
initial 5 Gm of sodium sulfadiazine intrave- 
nously m 500 cc of sixth-molar sodium lactate 
solution (It is noteworthy that to maintain 
sodium sulfadiazine m solution, the pn of sixth- 
molar sodium lactate solution should be 7 to 7 2 )' 
Five grams of sodium bicarbonate was adminis- 
tered orally every six hours while the patient 
was receiving sulfadiazine The decreased fre- 
quency of crystalluria in the group receiving the 
double dose was dependent on the routine use 
of alkali (table 12) The incidence of crystal- 
luria and/or hematuria in this group was less 
than that reported by some authors 16 who used 
usual doses of sulfadiazine without administering 
alkali 

15 Jensen, J O , Jr , and Fox, C L , Jr Hydrogen 
Ion Concentration and the Solubility of Sulfonamides 
la Urine The Relation to Renal Precipitation, J Urol 
49 334 (Feb ) 1943 Gilligan, D R , Garb, S , and 
Plummer, N Prevention of Crystalluria During Sulfa- 
diazine Therapy Experimental and Clinical Studies, 
Proc Soc Exper Biol & Med 52 248 (March) 1943 
Hall, W , and Spink, W , cited by Watson, C J , m 
discussion on Murphy, F S , Kuzma, J F , Polley, 
T Z, and Grill, J Renal Damage Due to Sulfon- 
amides, J A M A 124 800 (March 18) 1943 Fox, 
C L, Jr , Jensen, O L, Jr, and Mudge, G H Pre- 
vention of Renal Obstruction During Sulfadiazine Ther- 
apy, ibid 121 1147 (April 3) 1943 Gilligan, D R , 
Garb, S , Wheeler, C, and Plummet, N Adjuvant 
Alkali Therapy in Prevention of Renal Complications 
of Sulfadiazine, ibid 122 1160 (Aug 21) 1943 Gilli- 
gan, D R , Dingwall, J A , III, and McDermott, W 
The Parenteral Use of Sodium Lactate Solution in the 
Prevention of Renal Complications from Parenterally 
Admmstered Sodium Sulfadiazine, Ann Int Med 20 
604 (April) 1944 Rohr, J H , and Christopher, F 
Administration of Alkalis in Sulfadiazine Therapy, 
Surg, Gynec & Obst 78 515 (May) 1944 Ohnysty, 
J , and Wolf son, W Q Potassium Bicarbonate An 
Adjunct to Chemotherapy in Pneumonia Complicating 
Cardiac Decompensation, New England J Med 231 
581 (Sept 14) 1944 Plummer and Wheeler lm 

16 Finland, Peterson and Goodwm 10 Volim and 
others 2 a 


Reactions, listed in table 12, which are direct 
manifestations of sensitivity to sulfadiazine show 
no remarkable difference in frequency in the two 
groups It is noteworthy that the incidence of 
the sensitivity manifestations of sulfadiazine 
toxicity listed in table 12 are comparable to those 
of other large series reported 17 

SUMMARY 

In a twenty month period 1,465 patients with 
pneumococcic pneumonia were treated at the 
Permanente Foundation Hospital In the first 
half of this period 618 consecutive patients were 
treated with the usual doses of sulfadiazine, 
namely, 5 Gm initially and 2 Gm every six 
hours thereafter, maintaining an average blood 
level of 8 to 10 mg per hundred cubic centi- 
meters In the second half of this period 748 
consecutive patients with pneumococcic pneu- 

Table 12 — Comparative Incidence of Sulfadiazine 
Toxicity 


Usual Dose Double Dose 

A A 


To\tc Reaction 

Rcac 

tions, 

Number 

Incidence, 
per Cent 

Rcac 

tions, 

Number 

Incidence, 
per Cent 

Crjstallunn and/or hem 

aturla 

84 

13 6 

53 

71 

Cutaneous rash 

10 

1 6 

10 

13 

Psychosis 

7 

1 1 

7 

0!) 

rover 

2 

03 

3 

04 

Leukopenia or agrnnulo 
cytosis 

2 

03 

0 

00 

Hepatitis 

0 

00 

1 

01 

Total (excluding uri 
nary reactions) 

21 

34 

21 

28 


monia were treated with double doses of sulfa- 
diazine The majority of patients m the group 
receiving the double dose received 5 Gm of 
sodium sulfadiazine m 500 cc of sixth-molar 
sodium lactate solution (/> H 7 0 to 7 2) intra- 
venously and 5 Gm of sulfadiazine orally (total 
10 Gm ) initially, followed by 4 Gm of sulfa- 
diazine orally every six hours thereafter, main- 
taining average blood concentrations of sulfa- 
diazine from 12 to 20 mg 

A comparative analysis of the various im- 
portant factors influencing the mortality rate 
in pneumococcic pneumonia was made, with 
special reference to age, specific pneumococcic 
types, incidence of bacteremia, leukopenia, sever- 
ity of associated diseases, extent of pneumo- 
coccic involvement, number of days of illness 

17 Long, P H Sulfonamide Compounds in the 
Prevention and Treatment of Wound Infection, J A 
M A 121 303 (Jan 30) 1943 Finland, Peterson and 
Goodwin le Flippin, Schwartz and Domm w Shack- 
man and Bullowa u Dowling and others ln Volim and 
others 2a 
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REVERSAL OF LINGUAL ATROPHIC CHANGES WITH 
NICOTINAMIDE THERAPY 

ELMER L SEVRINGHAUS, MD, and EMMA D KYHOS, MD 

MADISON, WIS 


Description by Kruse 1 (1942) of the changes 
m the tongues of a group of adults which were 
reversed toward normal by the daily adminis- 
tration of 200 mg of nicotinamide led us to make 
an attempt to establish the validity of these con- 
clusions in the prison population which we have 
been studying The description of the diet used 
by these men has been given by Kyhos and 
associates 2 (1944), and it suggested that ex- 
treme deficiencies of nicotinic acid were not to 
be expected The amounts of meat served and 
eaten were variable but never large The bread 
used was baked in the prison and, so far as we 
can learn, was not made from enriched flour 
The diet was not too different from what is used 
by a large part of the population engaged in 
industry or in agriculture, and therefore the 
observations may well be applicable to the medical 
evaluation of nutritional status of patients seen 
m any clinic 

As a first step, 102 men weie selected at ran- 
dom and, without any warning, asked to stop 
work m the prison shops long enough to have 
their tongues inspected None of these men were 
volunteers in the other experimental procedures 
we were engaged in at the time From this 
inspection we recorded data on 30 men showing 
obvious changes such as Kruse has described 
At the time of the first study a biomicroscope 
was not available Hence all these observations 
are based on gross inspection only The changes 
which we have studied have been listed as fis- 
sures, atrophy of filiform papillae and dental 
scalloping of the margin of the tongue We 
did not see any of the evidences of acute pellagra 
According to Kruse’s classification, our subjects 
would probably be listed as being m stages three 
and four of chronic amacmosis 

From the Department of Medicine of the Univer- 
sity of Wisconsin 

1 Kruse, H D The Lingual Manifestations of 
Amacmosis, with Especial Consideration of the Detec- 
tion of Early Changes by Biomicroscopy, Milbank 
Mem Fund Quart 20 262, 1942 

2 Kyhos, E D , Gordon, E S , Kimble, M S , 
and Sevnnghaus, E L The Minimum Ascarb c Acid 
Need of Adults, J Nutrition 27 271, 1944 


From among this group of 30 prisoners we 
were able, on request, to secure some coopera- 
tion from 23 men They were given a daily 
dose of 50 mg of nicotinamide, administered 
and taken in the presence of one of the guards 
to make sure of its ingestion The dose was 
maintained for a period of nineteen weeks, and 
observations were repeated by the same observer 
at the end of four, twelve and nineteen weeks 
Subjective comments told of improved appetite 
or sense of vigor in a number of cases, but these 
were not consistent A few men noted small gains 
in weight There were no ill effects noted The 
men knew only that they were being given 
pure vitamins No other change in routine 
was called for 

Of the 23 men, there were 3 in whose tongues 
no fissures or crevices were observed Of the 
remaining 20, with easily visible fissures, 3 could 
not be followed consistently enough to allow the 
result of treatment to be estimated The re- 
maining 17 men showed a striking degree of 
improvement , the fissures 'became shallower, and , 
m some cases the smaller fissures were no longer j 
noticeable In the period of our observation no 
tongue which was fissured lost all such mark- , 
mg The improvement could be seen by the end , 
of four weeks m 4 men , in 8 more it was evi- 1 
dent by the end of twelve weeks, and m 2 more j 
the beneficial effects were visible by the nine- 1 
teenth week Three of the men were not seen, 
after twelve weeks, and it is not known whether ■ 
the improvement occurred later, since their ab- 1 
sence from the prison stopped their participation 
at that point It was evident to us, therefore, ( 
that 14 of the 17 men with fissured tongues \ 
made significant improvement m not over nine-' 
teen weeks’ use of 50 mg of nicotinamide daily 

Only 6 instances of dental scalloping were 1 
seen One of these men w^as not interested ml 
taking the nicotinamide In 2 others the margin 
of the tongue failed to show any appreciable? 
changes with therapy In the other 3 there was ' 
distinct improvement, amounting m 2 instatices] 
to disappearance of the scalloped border ) 

Because of variations in cooperation m one' 1 
waj' or another of the 23 men , our data on 9 of 
31 
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| them do not indicate the condition of the papillae 
1 with sufficient exactness to permit conclusions 
to be drawn It is certain that at the conclusion 
of the experimental period the papillae were m 
a stage of excellent development and were 
| numerous in all the 20 men who were observed 
i at the nineteenth week In fact, at this obsei- 
vation only 1 of them could be said to have any 
deficiency m the number or the development 
of the papillae The appearance of the tongues 
in 14 men had demonstrated to us the progressive 
changes which could not be overlooked, ad- 
vancing from virtual absence of papillae m 1 and 
scanty papillae m the others to a normal appear- 
’ ance m the whole group We are sure that the 
improvement was complete in 5 men after twelve 
, weeks and that the conditions were distinctly 
improved in the others by the nineteenth week 
After this period of treatment, some of the 
men were changed to a dosage of 100 mg of nico- 
tinamide daily, and 4 were given riboflavin 
(1 mg each day) During the next few months 
several observations were made, but we wet e not 
convinced of any further improvement in fissures, 
scalloped borders oi papillae 

These observations do not constitute a final 
appraisal of the changes in the tongue described 
by Kruse, but they have convinced us of the 
i validity of several of the criteria he has sug- 
gested for the later stages of chronic aniacmosis 
Furthermore, we believe that the use of a dose 
of 50 mg of nicotinamide is probably as effective 
as the larger dose used by Kruse, 200 mg The 
completeness of recovery from the atrophy of 
( substance evidenced m part by the fissures can- 
not be determined from our data It may be 
possible that fissures can be eliminated m many 
cases W e are inclined to doubt this, suspecting 
that scars of the deeper fissures may prevent a 
complete restoration of the, tongue to a normal 
state It is also possible that there are other 
causes of Assuring m the tongue Clinical ex- 
perience with patients who were given large 
doses of nicotinamide for many months m order 
' to test this hypothesis has contributed to this 

I doubt For example, a young man was seen 
because of extensive Assuring of his tongue of 
many years’ standing, with burning paresthesias 
of the tongue A previous clinical consultant 

! ] l ia d prescribed 200 mg doses of nicotinamide 
daily, which had been taken for over one year 
|l without benefit It was then suggested that he 
4 i i desist from smoking, whereupon the paresthesias 
i diminished rapidly, although the fissures were 
i . unchanged 

I I Apparent improvement m growth of papillae 
I on the dorsum of the tongue with nicotinamide 

, therapy led to a trial of tins treatment m several 


cases of severe anemia with atrophy of the dorsal 
papillae Success in such cases justifies the use 
of this therapy m a large number of patients 
with pernicious anemia Two cases may be sum- 
marized as follows 

E D W , a 54 year old diabetic woman, was 
moderate!} obese, suffered some symptoms of the 
climacteric and was hypertensive but without cardiac 
enlargement or renal damage Gastric distress, fatigue 
and paresthesias m the legs had led the referring 
physician, a year before our examination, to a diag- 
nosis of pernicious anemia and to the use of liver and 
iron therapy The tongue had been fissured for about 
three years It was only suggestively atrophic but 
was completel} “bald” No free gastric acid appeared 
after the hypodermic administration of 1 mg of hista- 
mine phosphate The blood contained 15 Gm of hemo- 
globin per hundred cubic centimeters, with 5,000,000 
red blood cells per cubic millimeter The diagnosis 
of pernicious anemia was therefore considered unproved 
Treatment was based on dietar} control of the diabetes 
and obesity, with use of diethylstilbestrol for the climac- 
teric s}ndrome Because the gastric discomfort which 
resulted and m spite of relief from most s}mptoms, 
other estrogenic materials were tried, and the patient 
was found to prefer a natural estrogenic substance 
After an interval of six months she returned with 
continued gastric discomfort and soreness of the tongue, 
which was unusually red in the midline and increasingly 
atrophic Ihe blood picture had changed in the previous 
five weeks from 10 3 to 8 Gm of hemoglobin, 3,170,000 to 
1,970,000 red blood cells and 6,750 to 3,400 white blood 
cells The mean corpuscular volume was 129 cu mm 
and the saturations index 0 93 She was given 15 unit 
doses of liver extract U S P daily , and on the fifth 
day the reticulocytes had risen from 1 to 18 2 per cent 
The treatment was continued at 15 units weekly after 
her discharge When reexamined three months later 
the blood contained 143 Gm hemoglobin and 5,310,000 
red blood cells The diagnosis of pernicious anemia 
appeared adequately confirmed 
Coincident with the resumption of the liver therap}, 
this patient was started on 100 mg doses of nicotin- 
amide daily Through an error of the pharmacist, the 
prescription was filled with nicotinic acid, which the 
patient took for six months m spite of the vasomotor 
disturbances before the error was detected from her 
report and the correct drug put into use But by the 
end of three months’ use of nicotinic acid, the papillae 
had become more numerous and the fissures shallower, 
and the burning of the tongue was no longer noted 
By the end of one year the tongue looked essentially 
normal, as to both fissures and papillae It had been 
established that 15 units of liver every ten days was 
an adequate dose but that if the interval was three 
weeks a relapse occurred During this relapse, the 
tongue did not show regression It appears, therefore, 
that atrophy of the tongue as seen in pernicious anemia 
is not reversible by the application of adequate doses 
of liver but may be reversed by nicotinic acid or nico- 
tinamide It is equally evident that the nicotinamide 
therapy did not prevent a relapse of the anemia Ob- 
servations in another case of diabetes with pernicious 
anemia substantiated these conclusions 

A third case was that of E W L , a 62 year old 
farmer with mild diabetes and generalized arterioscle- 
rosis, who complained of epigastric distress after meals, 
constipation, sore tongue the previous year with relief 
after use of some preparation of vitamin B complex 
and weakness, paresthesias and clumsiness in the legs 
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The tongue was atrophic and essentially devoid of 
papillae and had numerous fissures Vibratory sense 
in the legs was greatly impaired, tendon reflexes were 
reduced, and motor tests showed ataxia Roentgeno- 
graphic study revealed only a small duodenal divertic- 
ulum There was no production of free gastric acid 
after injection of 1 mg of histamine phosphate The 
blood contained 11 5 Gm of hemoglobin, '3,140,000 red 
blood cells and 5,350 white blood cells The mean 
corpuscular volume was 118 cu mm and the satura- 
tion index 0 98 During the course of eight days he 
was given 50 units of crude liver extract, but over 
the two weeks’ period of observation there was no 
detectable rise in reticulocytes above the 0 4 per cent 
level No noticeable change m red blood cells was 
observed During the same interval he was given 
150 mg of nicotinamide daily, which led to noticeable 
development of papillae on the dorsum of the tongue 
within the first week and further improvement in the 
second week, and the treatment was continued after 
Ins discharge A routine was established with use of 
ferrous sulfate and hydrochloric acid for the anemia, 
since it was felt that the diagnosis of pernicious anemia 
could not be maintained m the face of a negative 
response to potent liver 

When he was reexamined after one month, the blood 
picture was somewhat improved (12 5 Gm hemoglobin 
and 3,408,750 red blood cells) The complaints w'ere 
unchanged, but the papillae on the tongue were still 
well developed Examination of the spinal fluid gave 
no evidence of syphilis or any other lesion of the spinal 
cord It was concluded that this was a case of hyper- 
chromic anemia with combined systemic disease, pos- 
sibly due to prolonged multiple nutritional deficiencies 
Therefore, liberal use of protein supplemented by a 
crude liver extract orally was continued Further ob- 
servations have been precluded by his failure to return 


to the clinic It seems fair to conclude that the nico- 
tinamide therapy was effective in producing regenera- 
tion of papillae on the tongue in this atypical anemia, 
in spite of incomplete remission in the anemia 

SUMMARY 

Observations on an unselected group of prison- 
ers showed that nearly one third had visible 
evidence of atrophy m the tongue, including 
fissures, reduced number of filiform papillae and 
dental scalloping Treatment with 50 mg doses 
of nicotinamide brought about striking improve- 
ment, most complete in the case of the papillae 
but also noticeable in the shallower fissures and 
decreased amount of scalloping The applica- 
tion of similar therapy to 3 patients with fissures 
and atrophy of papillae, 2 with pernicious anemia 
and 1 with a similar anemia but without reticulo- 
cyte' response to liver was followed by prompt 
improvement likewise The improvement with 
therapy requires several months to become com- 
plete It is concluded that the criteria of chronic 
aniacinosis proposed by Kiuse are valid 

The expenses of this investigation have been met m 
part by a special grant from the Nutrition Foundation 
to one of us (E L S ) 

Mr I C Breitlow, of the hospital staff at the 
Wisconsin State Prison, and Warden L F Murphy 
cooperated to make these observations possible Dr 
J M Carlisle, of the E R Merck Laboratory, sup- 
plied the nicotinamide and riboflavin used 
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Two recent trends m the field of diabetes 
make it of special interest to study the relation 
of diabetes to arteriosclerosis One is the in- 
creased prominence of arteriosclerosis as a cause 
of death among diabetic persons According to 
Joslm, 1 deaths from this cause have risen three- 
fold, while deaths from diabetic coma have 
dropped to owe sixteenth, of their former inci- 
dence This circumstance may in part be. due 
to the fact that many diabetic persons are now 
surviving long enough to experience advanced 
arterial changes The second trend is the ten- 
dency of the physician to pay less attention to 
hyperglycemia and glycosuria in msubn-con- 
trolled cases A higher incidence of premature 
arteriosclerosis under the newei reginiens of 
liberal diets and insulin might indicate the need 
fpr a return to the previously accepted, more 
rigid standards of control 

It is well known that artenosclei osis occurs 
with high frequency among diabetic persons 
Some believe this frequency is due to the abnor- 
mal metabolic relationships found in diabetes 
Other factors suggested are inadequacy of con- 
trol of glycosuria, severity of the disease, obesity 
and the presence of coexisting hypertension 
This report summarizes our observations with 
respect to the relations between these factors and 
the incidence of arteriosclerosis as manifested 
in peripheral vascular disease of the lower 
1 extremities 

SCOPE OF THE WORK 

Observations were made on 249 male patients 
attending the diabetic clinic Data were obtained 
with regard to age, duration of diabetes, seventy 
i of the disease, use of insulin, adequacy of control, 
.presence of obesity and arterial tension The 
'patients were carefully questioned as to the pres- 
ence of intermittent claudication The peripheral 
pulses of the lower extremities, including those 
of the femoral, popliteal, anterior and posterior 
'tibial and dorsalis pedis vessels, were examined 

From the Metabolism Clinic and the Peripheral 
Vascular Disease Clinic, Mount Sinai Hospital 

1 Joslin, E P Treatment of Diabetes Mellitus, 
Philadelphia, Lea S. Febiger, 1940 


by palpation When the dorsalis pedis artery 
alone could not be felt, the case was not consid- 
ered an instance of peripheral vascular disease 
Absence of dorsalis pedis pulsation can be noted 
in a small percentage of normal persons, while m 
some instances this vessel has an atypical location 
Oscillometnc readings were made in about half 
the cases In general, the instrument readings 
confiimed the observations made by palpation 
Other workers have found that this method of 
determining the presence of peripheral vascular 
disease, namely by palpation of the vessels, cor- 
responds well with other tests used for appraising 
the arterial circulation in the extremities “ Since 
arteriosclerosis may occur occasionally without 
signs or clinical symptoms, it is likely that m 
this survey some instances of arteriosclerosis 
have been missed 

INCIDENCE Or PERIPHERAL VASCULAR 
DISEASE 

In Relation to Age — Figures for age distribu- 
tion and incidence of peripheral disease appear 
m table 1 Of the group as a whole, 51 per cent 
had peripheral vascular disease 

While the number of young diabetic persons 
is small, there being but 19 patients under 40 
years of age, 5, or approximately one fourth, had 
clinically apparent peripheral vascular disease 
In the 41 to 50 year age group, one third erf the 
patients had some peripheral vascular involve- 
ment In the age group of 51 to 60 years 42 per 
cent had some peripheral vascular disease 
Beyond this age group there were 125 patients, 
of whom 63 per cent had evidence of peripheral 
vascular abnormality As might be anticipated, 
the highest incidence was found m the oldest age 
group 

In Relation to Duiatton o} Diabetes — In 
table 2 are summarized the data relating to the 

2 (a) Kramer, L I Various Methods of Deter- 
mining the Early Diagnosis of Arteriosclerosis m Dia- 
betes, New England J Med 220 278 (Feb 16) 1939 
(i>) Homans, J Circulatory Deficiency in Relation to 
Medico-Legal Problems, Ann Int, Med 18 518 (April) 
1943 

34 
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duration of diabetes Of patients with known 
diabetes for less than three yeais, 41 per cent 
had penpheral vascular disease Among a total 
of 94 patients whose lecognized diabetes was of 
less than five years’ duiation, 39, oi 42 pei cent, 
showed evidence of peripheral vascular disease 
There were 154 patients with diabetes of more 
than six years' duration In this group there 
were S9 instances of penpheral vascular disease, 
a percentage of 58 The table indicates the high 
incidence of peripheral vascular disease even 
among those patients m whom the diabetes is 
not long established 

Observations similar to ours are reported by 
other workers In a roentgenologic study of the 
extremities of diabetic patients, Bowen, Koenig 
and Viele 3 found evident arteriosclerosis m the 
vessels of the legs m 50 per cent of their patients 
In reports by Morrison and Bogan, 4 Shepard- 
son, 5 Kramer, 23 Kramer, 0 Dry and Hines, 7 
Meyers and Altschuler 8 and Eisele, 0 the incidence 
of penpheral vascular disease in diabetic pet sons 


Table 1 — Penpheral Vascular Disease tn Vaitotis 
Age Gioups 


Age droup 

Total 

No of 
Patients 

P V D 
Absent 

P V D 
Present 

Under 30 years 

9 

7 1 

2 1 

31 to 40 

10 

,}"* 

\ 26% 

3 J 

41 to 50 

32 

21 (66%) 

11 (34%) 

51 to 60 

73 

42 (68%) 

31 (42%) 

Over 61 

125 

46 (37%) 

79 (63%) 

Total 

249 

123 (49%) 

126 (51%) 


ranged from 17 per cent to as high as 68 per cent 
Hines and Barker 10 found that among 280 gen- 
eral patients with arteriosclerosis obliterans one 
fifth had diabetes Wilder, 11 reporting on obser- 

3 Bowen, B D , Koenig, E C, and Viele, A A 
Study of the Lower Extremities in Diabetes, Bull 
Buffalo Gen Hosp 2 35 (April) 1924 

4 Morrison, L B , and Bogan, I K Calcification 
of the Vessels m Diabetes, J A M A 92 1424 (April 
27) 1929 

5 Shepardson, H C Arteriosclerosis in the Young 
Diabetic, Arch Int Med 45 674 (May) 1930 

6 Kramer, D W Diabetic Gangrene, Am J M 
Sc 183 503 (April) 1932 

7 Dry, T J , and Hines, E A The Role of 
Diabetes in the Development of Degenerative Vascular 
Disease, Ann Int Med 14 1893 (April) 1941 

8 Meyers, M P , and Altschuler, S S Penpheral 
Vascular Studies of the Lower Extremities in Diabetic 
Patients, Harper Hosp Bull 1 40 (Dec ) 1941 

9 Eisele, H E The Juvenile Diabetic Patient 
Surviving Twenty Years, JAMA 120-188 (Sept 
19) 1942 

10 Hines, E A , and Barker, N W Arterioscle- 
rosis Obliterans A Clinical and Pathological Study, 
Am J M Sc 200 717 (Dec) 1940 

11 Wilder, R M Diabetic Arteriosclerosis, Inter- 
nat Clm 2 13 (June) 1939 


vations made at necropsies of diabetic patients 
under 40, found that aiterial occlusion sufficient 
to cause symptoms was present m 39 per cent 
of the cases 

In Relation to Seventy of Diabetes — Our 
patients were classified into three groups accord- 
ing to the seventy of the disease mild, moder- 
ately severe and severe diabetes In the group 


Table 2 — Pcnpheial Vascular Disease m Relation to 
Duration of Diabetes 


Tears’ Duration 

Total 

No of 
Patients 

P V D 
Absent 

P V D 
Present 

Under 3 

63 

39 (59%) 

27 (41%) 

4 to 5 

28 

16 (57%) 

12 (43%) 

6 to 10 

70 

29 (41%) 

41 (69%) 

11 or more 

84 

36 (43%) 

48 (67%) 


with mild diabetes were those whose blood sugar 
levels were not appieciably elevated and who 
required no insulin or required only amounts up 
to 15 units Most lequired no insulin The 
patients m the group with moderately severe 
diabetes required from 15 to 45 units Patients 
who required amounts of insulin larger than this 
were considered to have severe diabetes 

The data given in table 3 indicate no relation 
between the incidence of penpheral vascular dis-. 
ease and the seventy of the diabetes Among 
those with nuld and moderately severe diabetes 
the incidence of peripheral vascular disease was 
equally distributed When those with moderately 
severe and those with severe diabetes were 
grouped together, there were 54 instances of, 
peripheral vascular disease, or 49 per cent, as 
compared with 54 per cent for those with mild' 
diabetes Other authors 12 also found no relation > 


Table 3 — Seventy of Diabetes and Penpheral 
Vascular Disease 


Severity of Disease 

Total 

No of 
Patients 

P V D 
Absent 

P V D 
Present 

Mild 

137 

63 (46%) 

74 (64%) 

Moderately severe 

82 

37 (45%) 

45 (55%) 

Severe 

29 

20 (69%) 

» (31%) 


between the seventy of diabetes and the extent! 
of peripheral vascular disease j 

In Relation to Degree of Diabetic Control — t 
Persistent glycosuria with significant elevation; 
of the blood sugar was considered poor control,; 
freedom from glycosuria was considered good 1 
control, while fair control included intermittent^ 
glycosuria 


12 Shepardson 6 Meyers and Altschuler 8 
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Among the 155 patients with well controlled 
diabetes (table 4), 78, or about one half, had 
peripheral vascular disease In the less satis- 
factorily controlled group, or “fair,” 29 out of 
48 patients’ or 60 per cent, had peripheral 
- vascular disease In the poorly controlled group, 
an increased incidence of occluded vessels was 
1 not found In this group the late was 33 per 
i cent The low rate among the patients with 
pdorly controlled diabetes was not due to the fact 
, that this group was piedommantly young 

Some affirm that with better control of diabetes 
less arteriosclerosis is evident White 13 reported 
the observation of arteriosclerosis, as demon- 
strated by roentgenograpluc or ophthalmologic 

i Table 4 — Control of Diabetes and Peripheral 



Vascular 

Disease 



Total 

No of 
Patients 

P V r> 
Absent 

P v n 

Present 

Good 

155 

n (50%) 

78 (50%) 

Pair 

48 

19 (40%) 

29 (60%) 

Poor 

42 

28 (67%) 

14 (33%) 

Table 5 — Obesity and Peripheral Vascular Disease 

Type 

Total 

No of P V D 

Patients Absent 

P V x> 
Present 

Is ever obese 

87 

40 (46%) 

47 (54%) 

Obese at time of e\ami 

nation or previously 1G0 

79 (50%) 

81 (50%) 

Table 6 — Hyper tension and Peripheral Vascular 
Disease 

Group 

Total 

No of 
Patients 

P V D 
Absent 

P V D 
Present 

No hypertension 

138 

71 (51%) 

67 (49%) 

Hypertension present 

99 

44 (44%) 

55 (56%) 


( examination or by autopsy, in 52 young diabetic 
pei sons with onset of diabetes in childhood No 
sclerosis was observed when the blood sugar and 
blood cholesterol levels were below 200 mg 
| Sclerosis increased with elevation of blood 
I cholesterol levels In connection with these 

t 

i abnormal changes, hypercholesteremia appeared 
I more significant than hyperglycemia In the 
'! opinion of Bowen, Regan and Koenig 14 good 
j i control of diabetes was an influential factor m 

1 13 White, P Diabetes in Childhood, in Joslin, E P 

Treatment of Diabetes Melhtus, Philadelphia, Lea & 
Febiger, 1935 

, 14 Bowen, B D , Regan, J S , and Koenig, E C 

The Development of Arteriosclerosis in the Diabetic, 

, Ann Int Med 12 1996 (June) 1939 


preventing and delaying arteriosclerosis m the 
lower extremities 

In Relation to Obesity — The factor of obesity 
m our patients was gaged by an appraisal of 
present and past weights Some of the men were 
thin and of asthenic habitus and had never 
weighed moie than 150 pounds (68 Kg) 
Others were obviously of heavy build and 
weighed more than this either previously or at 
the time of examination 

The incidence of peripheral vascular disease 
was about equally distributed as far as obesity 
was concerned It occurred just as often in the 
nonobese as it did in the obese patients (table 5) 

In Relation to Hypertension — Patients whose 
systolic tension was 150 mm of mercury or over 
with a diastolic pressure of 90 mm or above 
were classified in the hypertensive group Those 
with blood pressures below these levels were 
regarded as nonhypertensive The figures are 
given m table 6 

Sixty-seven of the nonhypertensive patients, or 
49 per cent, had peripheral vascular disease, 
while 55 of the hypertensive group, or 56 per 
cent, had arterial involvement The difference 
is insignificant 

comment * 

Type and Sites of Aitcnosclei otic Lesions — 
The foregoing tables indicate the high incidence 
of peripheral vascular disease among the diabetic 
patients we examined The incidence of the 
condition appeared to be unrelated to such factors 
as duration of the diabetes, severity of the dis- 
ease, effectiveness of control and existence of 
obesity and of hypertension 

The early and apparently selective appearance 
of arteriosclerosis in diabetes is not limited to 
the vessels of the extremities In this disorder, 
arteriosclerotic lesions involve other organs as 
well , hence peripheral sclerosis is only part of a 
more general picture 

Localization of arteriosclerosis in the heart and 
aorta is exceedingly common This has been 
established on the basis of necropsies by numer- 
ous investigators, including Joslin, 15 Root, 10 
Warren, 17 Nathan 18 and Root and Sharkey 1D 
Joslin declared the heart to be the most frequent 

15 Joslin, E P Arteriosclerosis in Diabetes, Ann 
Int Med 4 54 (July) 1930 

16 Root, H F, m Joslin, E P Treatment of Dia- 
betes Melhtus, Philadelphia, Lea & Febiger, 1935 

17 Warren, S Pathology of Diabetes, Philadelphia, 
Lea &. Febiger, 1938 

18 Nathan, M H Coronary Disease in One Hun- 
dred Autopsied Diabetics, Am J M Sc 183 495 
(April) 1932 

19 Root, H F , and Sharkey, T P Arteriosclerosis 
and Hypertension m Diabetes, Ann Int Med 9 873 
(Jan) 1936 
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site of arteriosclerosis in persons with diabetes 
Root and Sharkey stated that coronary disease 
as a cause of death is four tunes as frequent in 
diabetic peisons as m nondiabetic, while Nathan 
found coronary disease six and a half times as 
high 

The earlier appearance of arteriosclerosis m 
diabetic persons as compared with its appearance 
m normal persons is also recognized Warren, 
as cited by Joslin, 10 Ophuls, 20 Lisa, Magiday, 
Galloway and Hart 21 and Lehnherr 22 have pre- 
sented reports of necropsies in support of this 
fact 

From the standpoint of pathologic character- 
istics, the actual lesion found m diabetic persons 
does not differ from that m nondiabetic This 
lack of difference has been pointed out by 
Ophuls, 20 Hines and Barker, 10 Lisa and others, 21 
Sappmgton and Fischer 23 and Lisa, Magiday 
and Hart 24 The lesions consist essentially of 
mtimal thickening, subintimal deposition of fatty 
material, including cholesterol, and degenerative 
changes in the media with a tendency to ultimate 
thrombosis of the vessels 

Abnormal Metabolism and Artei iosclerosis — 
There is no uniformity of opinion as to what 
initiates these arteriosclerotic changes in diabetic 
patients The occurrence of marked elevation of 
the blood lipids in diabetes, as cited by Rabmo- 
witch, 20 was long ago pointed out by Joslin, 
Bloor and Gray Consequently, the hyper- 
cholesteremia of diabetic patients has most fre- 
quently been held responsible for ‘the early 
appearance of arteriosclerosis Emphasis on 
blood lipids, especially cholesterol, as specific 
metabolites of first importance also arose from 
the belief of Virchow and Aschoff that the 
mtimal changes m arteriosclerosis represented 
the aging of arterial tissues through stress and 
strain and that fat from the blood stream was 
imbibed and deposited in the mtima Anitsch- 
kow 20 experimentally produced m rabbits the 
typical picture of atherosclerosis by feeding them 

20 Ophuls, W The Pathogenesis of Arterioscle- 
rosis, in Cowdry, E V Arteriosclerosis, New York, 
The Macmillan Company, 1933 

21 Lisa, J R , Magiday, M , Galloway, I , and 
Hart, J F Arteriosclerosis with Diabetes Mellitus, 
J A M A 120 193 (Sept 19) 1942 

22 Lehnherr, E R Arteriosclerosis and Diabetes 
Mellitus, New England J Med 208 1307 (June 22) 
1933 

23 Sappmgton, S W, and Fischer, H R Arterio- 
sclerosis Obliterans, Arch Path 34 989 (Dec ) 1942 

24 Lisa, J R , Magiday, M , and Hart, J F Periph- 
eral Arteriosclerosis in the Diabetic and the Nondiabetic, 
JAMA 118 1353 (April 18) 1942 

25 Rabmowitch, I M The Cholesterol Content of 
Biood Plasma in Diabetes Mellitus, Arch Int Med 
43 363 (March) 1929 


pure cholesterol Similar experiments were ex- 
tensively reported on by Leary, 27 who also con- 
cluded that the lesions of atherosclerosis were 
due to hypercholesteremia Other workeis, in- 
cluding Bowen, Regan and ICoemg, 14 Hines and 
Barker, 10 Rosenthal 28 and Rosenblum, 29 likewise 
concluded that an altered cholesterol metabolism 
was i elated to the development of arteriosclerosis 

Agreement on this point does not exist 
Weiss and Minot 30 regarded as equivocal the 
evidence presented to demonstrate a reciprocal 
relation between the cholesterol content of the 
diet and the development of arteriosclerosis 
Duff 31 took issue with the experimental woik 
of Leary 27 and cited the occurrence of arterio- 
sclerosis in man without deviation of the blood 
cholesterol from normal limits Hirsch and 
Wemhaus 32 also called attention to the develop- 
ment of arteriosclerosis in adult life in the 
absence of an appreciable elevation of blood 
cholesterol or lipids As related to the process 
in diabetes, Hunt 33 found lowest cholesterol 
values m persons with greatest arteriosclerosis 
Among 6 juvenile diabetic patients under 20 
years of age, all of whom had roentgenologic 
evidence of arteriosclerosis, 4 had normal choles- 
terol values 

Winternitz expressed the opinion that the 
earliest changes leading to atheromatous plaque 
formation were due to small thrombi and hemor- 
rhages arising in the tiny vasa vasorum of the 
mtimal walls of vessels in which the elasticity 
and contractility were diminished Blumenthal, 
Lansing and Wheeler 34 have recently presented 

26 Anitschkow, N Experimental Arteriosclerosis 
m Animals, m Cowdry, E V Arteriosclerosis, New 
York, The Macmillan Company, 1933 

27 Leary, T Atherosclerosis, Arch Path 21 419 
(April) 1936, Experimental Atherosclerosis in Rabbit 
Compared with Human (Coronary) Sclerosis, ibid 17 
453 (April) 1934 

28 Rosenthal, S R Studies m Atherosclerosis 
Chemical, Experimental, and Morphological, Arch Path 
18 473 (Nov ) 1934 

29 Rosenblum, M H A Consideration of Disease 
of the Blood Vessels in Diabetes Mellitus, Ohio State 
M J 38 46 (Jan ) 1942 

30 Weiss, S , and Minot, G R Nutrition in Rela- 
tion to Arteriosclerosis, in Cowdry, E V Arterio- 
sclerosis, New York, The Macmillan Company, 1933 

31 Duff, G L Experimental Cholesterol Arterio- 
sclerosis and Its Relationship to Human Arteriosclerosis, 
Arch Path 20 81 (July) 1935 

32 Hirsch, E F, and Weinhaus, S The Role of 
the Lipids m Atherosclerosis, Physiol Rev 23 185 
(July) 1943 

33 Hunt, H M Cholesterol m Blood of Diabetics 

Treated in the New England Deaconess Hospital, New 
England J Med 201 659 (Oct 3) 1929 , 

34 Blumenthal, H T , Lansing, A I , and Wheeler, 
P A Calcification of the Media of the Human Aorta 
and Its Relation to Intimal Arteriosclerosis, Agemg and 
Disease, Am J Path 20 665 (July) 1944 
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their own material supporting the concept of 
numerous other workers as well that changes 
consisting of demonstrable calcification first 
occur in the medial wall and that the intimal 
changes with lipid deposition are secondaiy 
Should these theories concerning the genesis and 
development of arteriosclerosis be correct, it is 
not apparent why the process should occur more 
prominently in diabetic persons 

Warren 1T stated that fluctuations in the blood 
sugar concentration might produce osmotic 
changes affecting the permeability of the intimal 
ground substance, thereby opening it up to 
deposition of lipids Wilder and Wilbui 75 
expressed the opinion that hyperglycemia, 
ketosis, frequent infections, periodic dehydration 
or inadequacies of the diet m certain nutritional 
factors might be contributory causative factois 

Moschcowitz 3C suggested that aiteriosclerosis, 
differentiating it from atherosclerosis, found m 
diabetic patients may itself be responsible foi 
the diabetic condition His concept is that an 
arteriocapillary fibrosis in the islands of Langer- 
llans produces the insufficiency which results m 
diabetes There are few adherents to this con- 
cept, according to Lukens, 37 who, m discussing 
the pathogenesis of diabetes, stated that advanced 
pancreatic arteriosclerosis can exist without the 
presence of diabetes 

Finally, Dry and Hines 7 postulated a biologic 
background to explain the advanced arterio- 
sclerosis in diabetic patients They expressed 
a belief m an inherent weakness affecting the 
insulin-producing tissues and the vascular system 
which requires only an additional stimulus to 
bring out the pathologic changes in the tissues 
In the case of the insulin apparatus, the stimulus 
can be infectious illness, overfeeding or obesity 
In the case of the vascular system, the stimulus 
can be hypertension, obesity or lipemia 


35 Wilder, R M and Wilbur, D L D,seases of 
Metabolism and Nutrition, Arch Int Med 57 422 

(reb) 1936 

36 Moschcowitz, E D Vascular Sclerosis, New 
xork, Oxford University Press, 1942 

37 Lukens, F D W The Pathogenesis of Diabetes 
Vale J Biol & Med 16 301 (March) 1944 


SUMMARY 

Of 249 male diabetic patients evidence of 
peripheral vascular disease was present m 51 pei 
cent It was found m one fourth of the patients 
under 40 years of age While it was found in 
greater proportion in patients whose diabetes 
was of long standing, as many as two fifths of 
those with less than three years’ history had 
some peripheral vascular disease It occurred 
with equal fiequency among the patients with 
mild diabetes and among those with more severe 
diabetes who used insulin Control of the dis- 
ease, reflected by minimal glycosuria, did not 
coincide with a lower incidence of peripheral 
vascular disease Among the lean men the con- 
dition was found in the same proportion as 
among the obese The slightly lower incidence 
in the nonhypertensive patients, 49 per cent as 
against 56 per cent, did not seem significant 
The only apparent common denominator was the 
diabetic condition itself 

CONCLUSIONS 

Confirming the work of others, our observa- 
tions indicate that an apparently selective and 
frequently premature arteriosclerosis occurs in 
the peripheral vessels of the lower extremities m 
diabetic patients 

The increased incidence of arteriosclerosis 
in diabetic patients, irrespective of the usually 
accepted, factors which determine arteriosclerosis 
in nondiabetic persons, may indicate a metabolic 
origin or imply an acceleration of the process 
by some metabolic factor From the statistical 
standpoint of our study, the relationship between 
such factors and peripheral vascular disease is 
not made evident 

The presence of cholesterol deposits m the 
arteriosclerotic lesion and the hypercholesterol- 
emia of patients with neglected or poorly con- 
ti oiled diabetes suggest a linkage between the 
two disorders However, no such connection 
has so far been unequivocally established It 
does not of course follow that in the treatment of 
diabetes such factors as control of weight and 
hypertension can be ignored or that suitable 
dietary and insulin regimens can be neglected 
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Considerable attention has been focused on in- 
travenous administration of solution of acacia, 
the probable physiologic and physical action of 
acacia so administered and its fate m the or- 
ganisin' The study herein leported was a long 
term investigation of dogs which had received 
intravenously large doses of a solution of acacia 
similar to that used m treatment of patients who 
display the resistant edema that may accompany 
glomerulonephritis and the nephrotic syndrome 
The puipose was to note the general effect on the 
animals as well as the specific effect on the liver 

material and methods 

Three normal adult dogs, which were receiving a 
diet of ground raw meat, cracker meal and milk m 
daily amounts calculated to maintain their body weight, 
were used in this study Beginning on Jan 7, 
1942, each dog received intravenous injections of 6 
per cent acacia in 0 06 per cent isotonic solution of 
sodium chloride, as is indicated m table 1 The solu- 
tion was warmed to approximate body temperature, 
and reactions were observed after the injections Addi- 
tional amounts of acacia wctfe injected each two or 
three days m order to maintain the acacia m the serum 
of the 3 dogs at 1 5, 3 and 3 5 per cent, respectively 
Injections of acacia were discontinued alter seventy- 
six days, on March 23 

The Experimental Dose of Acacia Compared with 
the Therapeutic Dose — 'In table 1 are recorded the 
total quantities of acacia injected into each animal 
The average patient with chronic glomerulonephritis 
and the nephrotic syndrome who receives therapeutic 
injections of solution of acacia for resistant edema is 
given from 90 to 120 Gm of acacia, or from 13 to 
1 8 Gm per kilogram of body weight The doses given 
the animals, as recorded m table 1, represent from 
eight to thirty-seven times as many grams of acacia 
as is received by the average patient The amounts 
administered to the animals are equivalent to doses of 
1,068 to 3,244 Gm of acacia given to an average pa- 
tient who weighs 68 Kg Of patients with chronic 
glomerculonephntis and the nephrotic syndrome treated 

From the Division of Medicine, Mayo Clinic (Dr 
Binger) and the Divisions of Experimental Medicine 
(Dr Bollman) and Biochemistry (Dr Power), Mayo 
Foundation 


at the Mayo Clinic, the one who received the largest 
quantity of solution ol acacia during the- period of 
hospitalization was given 330 Gm , or 4 9 Gm per kilo- 
gram of body weight This dose is much greater than 
the average total dose of 90 Gm divided into three 
injections of 30 Gm each, which is usually adminis- 
tered to patients Of the 3 dogs, the 1 which received 
the least acacia, and m the serum of which the con- 
centration of acacia was lowest, was given slightly 
more than three times the number of grams per kilo- 
gram of body weight that was given to the patient 


Table 1 — Acacia Intravenously Administered and the 
Concentration of Acacia in the Blood Serum 
Throughout the Pciiod of Injection 



Dog 

Injcc 

Total 

Injec- 

Total 

Acacia 

Injected, 

Acacia 
Injected 
per Kg 
Body 
Weight, 

Acacia 

in 

Serum, 

Average 

r 

Num 

Weight,’ Penod, 

Gm per 

her 

Kg 

Days 

tions 

Gm 

Gm 

100 Cc 

9 

64 

76 

32 

100 6 

15 7 

1 4 

T 

70 

76 

35 

277,8 

39 7 

30 - 

8 

58 

76 

35 

276 6 

47 7 

34 


who received the most The dog which was given the 
most acacia per kilogram ol body weight, and the 
concentration of acacia in the serum of which was 
maintained at the highest level, received nine and 
seven-tenths times the number of grams that the patient 
just mentioned received This patient was living, felt 
well and was working daily when this paper was 
written The dogs received approximately three times 
the number of injections of acacia given to this patient 
Biopsy — -With the help ol Dr F C Mann, abdom- 
inal exploratory operations and biopsies of the livers 
were performed at four different periods following 
discontinuance of the injections ol acacia first, at the 
time of completion of the administration, second, ten 
weeks later, third, approximately thirteen months, and, 
fourth, twenty-six months, after the discontinuance of 
the injections of acacia Specimens for biopsy were I 
taken from the spleens of 2 animals at the time of 
the last operations At the time of these exploratory 1 
operations, the organs were inspected and specimens j 
of tissue were obtained for chemical examination j 
Microscopic examination of the removed specimens i 
was made by Dr Baggenstoss ‘ 

Technics Employed — The concentration of acacia in 
the blood serum and m the urine was determined by 

39 » 
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precipitation of trichloroacetic acid filtrates with acetone, 
according to the principles of the method described by 
Power 1 Weighed portions of tissues and stools were 
macerated m freshly prepared isotonic solution of so- 
dium chloride and made up to definite volumes with 
trichloroacetic acid Acacia was determined by pre- 
cipitation of aliquot portions of the filtrate Glycogen, 
if present m normal amounts, may be expected to 
interfere with an exact determination of acacia by 
this method Consequently, approximate colorimetric 
determination of acacia present in the tissue filtrates 
was accomplished by application of Bial’s orem test 
for pentose 

Blood for analysis was obtained from the veins of 
the legs and by puncture of the jugular vein When 
plasma was used, potassium oxalate, 5 mg per cubic 
centimeter, was used as an anticoagulant Determina- 
tions of protein fractions m the blood serum were made 
m duplicate by Howe’s method as described by Peters 
and Van Slyke, using 22 5 per cent sodium sulfate at 
37 C Fibrinogen was determined by the following 
method Five-tenths cubic centimeter of oxalated 
plasma was mixed with 24 cc of 0 9 per cent sodium 
chloride solution and 0 5 cc of 25 per cent calcium 
chloride, and the mixture was allowed to stand over- 
night The fibrin clot was removed by filtration, and 
20 cc of the filtrate was analyzed for nitrogen by a 
modified Kjeldahl procedure For determinations of 
hemoglobin, the Cenco-Sheard-Sanford photelometer was 
used The quantity of cells per hundred cubic centi- 
meters was determined by centrifuging m hematocrit 
tubes Mean erythrocyte determinations were made by 
means of the Haden-Hausser erythrocytometer 2 The 
sulfobromophthaleln sodium test wa3 performed by 
Rosenthal’s method 3 For determination of coagulation 
time, the Lee and White method was employed 4 5 The 
prothrombin time was determined by use of Quick’s 
method 6 

EXPERIMENTAL RESULTS COMPARED WITH 
' THERAPEUTIC RESULTS 

At the outset of this section of the paper, it 
may be advisable to explain how well, from the 
standpoint of tenure of life, the dogs withstood 
the combined experimental procedures About 
three months after discontinuance of administra- 
tion of acacia and after the 3 animals had recov- 
ered from two exploiatory operations, 1 dog 
began to eat pooily, and his weight gradually 
decreased He died four months after the last 
injection of acacia Postmortem examination 

1 Power, M H A Volumetric Method for the 
Determination of Acacia in Serum, Lymph and Urine, 
abstracted, J Biol Chem 119 lxxv m-lxxix, 1937 

2 Haden, R L A New Instrument for the Dif- 
fractometric Measurement of the Diameter of Red 
Blood Cells, J Lab & Clm Med 25 399-403 (Jan ) 
1940 

3 Todd, J C , and Sanford, A H Clinical Diag- 
nosis by Laboratory Methods A Working Manual 
of Clinical Pathology, ed 9, Philadelphia, W B Saun- 
ders Company, 1939, p 402 

4 Todd and Sanford, 3 p 208 

5 Bollman, J L , and Preston, F W The Effects 
of Experimental Administration of Dicoumarin (3,3'- 
Methylene-bis-[4-Hydrox\coumarm]), J A M A 120 

1021-1024 (Nov 28) 1942 


did not reveal any specific cause of death, the 
liver was enlarged, but the other organs appeared 
normal The other 2 animals recovered normally 
from four exploratory operations and were still 
living at the time of writing of this paper 

Concent) ation of Acacia tn the Blood Serum — 
The average value at which the concentration of 
acacia was maintained throughout the period of 
injection m the serum of the 3 animals is given m 
table 1 After discontinuance of the injections , 
the concentration of acacia in the serum of the 
animals immediately began to decrease, as is 



Z4 months 



Fig 1 — (a) Rate of disappearance of acacia from 
the blood stream Solution of acacia was injected 

intravenously through a period of seventy -six days, as 
it was necessary to keep the concentration of acacia 
in the seium constant Then injection was discontinued 
The value at the extreme left of each cun e represent‘d 
the value at the time when injection was stopped 

Values to the right were determined in the subsequent 
two years (5) Concentration of acacia in the serum 
and quantity in the urine Through two portions of 
a total period of seventy-six days, solution of acacia 
was injected intravenously and the indicated deter- 
minations were made The curves at the left represent 
values of the first portion of the period and the curves 
at the right, values of the second portion Injections 
were as follows Animal 7 21 Gm of acacia given 
on January 7, 9 and 11, 9 Gm on March 16 Animal 

8 348 Gm of acacia given on January 7 and 9, 

9 Gm on March 16 Animal 9 6 3 Gm of acacia 
given on January 7, 9 and 11, 3 Gm on March 16 
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shown m figure la Two years after discontinu- 
ance of the injections of acacia, it was noted that 
some acacia still was present in the circulating 
blood, although the concentration was much 
reduced from that which had obtained formerly 

In the average clinical case m which the intake 
of fluid is controlled and in which the total dose 
of acacia is the average one of 90 Gm , the im- 
mediate concentration is approximately 2 Gm 
per hundred cubic centimeters of blood serum 
When patients receive this average dose m treat- 
ment of the resistant edema of chronic glomerulo- 
nephritis and the nephrotic syndrome and are 
examined one year after the end of the treatment, 
one finds that the average concentration of acacia 
m the serum is approximately 0 1 Gm per 
hundred cubic centimeters The concentration of 
acacia m the blood serum of 1 patient, who recently 
returned for reexamination six years after her 
last injection of acacia, was 0 01 Gm per hundred 
cubic centimeters She had received the average 
total dose of 90 Gm of acacia 

Excietion of Acacia in Unite and Stool — 
Acacia is not readily metabolized by the animal 
body and is in part excreted in the urine in a 
state which has not become so modified as to 
lose its property of precipitating m the presence of 
acetone 

The greatest excretion of acacia m the urine 
of the 3 animals which are the subjects of table 1 
and figure 1 occurred in the periods immediately 
following injections of acacia (fig 1 b) In two 
trial periods, the animals which were given more 
solution of acacia excreted more The quantity 
of acacia excreted is small compared to the 
amount administered or compared to the concen- 
tration of acacia in the serum The amount of 
acacia excreted is not proportional to the amount 
of urine collected in twenty-four hours, for the 
largest amount of urine sometimes contained the 
least acacia Two years following cessation of 
injections of acacia, traces of acacia still weie be- 
ing excreted m the urine of the 2 .living animals 

Certain autliois, including Huffman, 0 have 
reported considerable vanation m the amount of 
acacia which could be lecovered from the urine 
of individual patients In some cases Huffman 
was able to recover more than half of the total 
amount injected inti avenously Hartmann 6 7 
found that acacia appeared m the urine immedi- 
ately aftei its intravenous injection and that the 

6 Huffman, L D Solution of Acacia and Sodium 
Chloride m Hemorrhage and Shock, J A M A 93 
1698-1701 (Nov 30) 1929 

7 Hartmann, A F , Senn, M J E , Nelson, M V, 

and Perley, A M The Use of Acacia in the Treat- 
ment of Edema, J A M A 100 251-254 (Jan 28) 

1933 


rate of excretion varied with different persons 
He also stated that the average excretion was 
about 25 per cent in the first two days and 60 
per cent during the first seven Moreover, he 
noticed a maximal concentration of acacia in the 
urine of 1 3 per cent Andersch and Gibson 8 
found that only small amounts of acacia were 
eliminated m the urine of animals They reported 
that only 20 per cent of the total acacia which was 
injected intravenously into a patient with nephro- 
sis was recovered m the urine over a period of 
six weeks, three of the six w.eeks over which 
urine was collected followed the last injection 
They also reported that the greatest excretion 
occurred during the period in which the acacia 
was administered Butt, Power and Keys 9 re- 
ported that about 20 per cent of the total quan- 
tity of acacia administered in single or multiple 
intravenous injections was excreted in the urine 
m the first eight days after injection and that 
most of the acacia excreted appeared in the first 
thiee days after its administration Acacia was 
present in the stool, but in questionable amounts, 
as the acetone precipitate m normal stool was not 
determined Determinations were made at the 
time the injections of acacia were discontinued. 

Effect on Stiuctuie of Liver, Spleen and 
Kidney — On gross examination of each of the 
3 animals at the time of the first exploration, the 
day after the last injection of acacia, the liver 
was estimated to be increased from one fourth 
to twice normal size The liver which was most 
enlarged was that of the animal which received 
the most acacia, and this liver appeared lighter m 
color than the livers 'of the other 2 animals and 
than the normal livers The livei s of all 3 animals 
had smooth- surfaces and rounded edges, in the 
latter respect resembling the appearance of a 
restored liver They were firmer than normal 
livers on palpation Little bleeding occurred from 
the cut surfaces of the livers of the 2 animals 
which received the most acacia, the third bled 
noimally In the abdominal cavity of the animal 
which had received the most acacia was several 
hundred cubic centimeters of clear ascitic fluid 

The animals recovered normally from the first 
exploi ation Conditions at the tune of the sec- 
ond examination, ten weeks later, were little 

8 Andersch, M , and Gibson, R B Studies on 
the Effects of Intravenous Injections of Colloids I 
Deposition of Acacia m the Liver and Other Organs 
and Its Excretion in Urine and Bile, J Pharmacol 
& Exper Therap 52 390-407 (Dec ) 1934 

9 Butt, H R , Power, M H , and Keys, A The 
Concentration of Acacia in the Serum, Its Rate of 
Excretion, and Its Effect on the Colloid Osmotic Pres- 
sure Following Intravenous Injection in Cases of 
Cirrhosis of the Liver, J Lab & Clin Med 24 690- 
695 (April) 1939 
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changed from those at the time of the first The 
livers continued to be enlarged The surfaces 
were smooth, and the edges were rounded and not 
f liable The livers were slightly firmer than 
normal They had undergone repair after exci- 
sion of tissue, as would normal livers No 
ascites, however, was found At the time of the 
last examination of the 2 living animals, the liver 
of that 1 of the 2 -which had received the more 
acacia was still slightly, but definitely, enlarged 
The edges were still rounded The liver still was 
firmer than normal The liver of that animal of 
the 2 which had received the less acacia appeared 
normal 

For comparison, a section was taken for micro- 
scopic examination from the liver of a normal 
animal (fig 2 a) Sections of liver taken from 
the 3 observed animals in the first three months 


of sucrose Hepatic cdls were not destroyed, 
although some polymorphonuclear cells were 
scattered through the fields 

In the specimen of liver obtained for biopsy 
after the fourth exploration, the parenchymal 
cells of the hepatic cords m the midzone of the 
lobule took the stam about normally, and this 
zone was distinct (fig 3) It is not possible 
quantitatively to compare the sections studied at 
the time that the injections of acacia were dis- 
continued with those obtained two years later, but 
there continued to be much vacuolation of the 
parenchymal cells throughout the sections 

Attempts were made to stain these cytoplasmic 
vacuoles The vacuoles did not stam for glycogen 
or for fat The mucicarmme stam gave a negative 
result for mucin as did also the congo red stam 
and the methyl violet stam of frozen sections for 



Fig 2 — Sections (a) Normal liver of dog (x 160), (b) liver of dog when injections of acacia had just 
-een completed (X 190), (c) same as b under higher magnification (X 960) 


.fter discontinuance of the injections of acacia 
vere examined microscopically Some of the 
larenchymal cells in the inner zone of the lobule, 
ibout the central vein, and m the periportal areas 
tamed more lightly and were clearer than cells 
)f the outer, and especially the midzonal, region 
if the lobule The involvement about the central 
/ein resembled the microscopic picture seen in 
:ases of chronic passive congestion of the liver 
The central veins were compressed, and the bile 
ducts were partly obliterated The parenchymal 
:ells appeared distended, and many of the nuclei 
■vere eccentric (figs 2 b and c) The cytoplasm of 
:he parenchymal cells was vacuolated, so that it 
rad the appearance of hydropic change or of a 
;oam cell, and the picture resembled that of cells 
seen m renal tubules after intravenous injection 


amyloid These vacuolated cells may represent 
stored acacia, but a histologic stam positive for 
acacia is not available 

The capsule of the spleen and the splenic 
reticulum also contained relatively large and 
clearly staining cells, throughout the cytoplasm 
of which vacuoles were found (fig 4 a) The in- 
volvement was less pronounced here than in the 
liver 

The epithelium of both the convoluted and the 
collecting tubules (fig 4 b) of the kidney also con- 
tained vacuolated cells The process was not as 
diffuse as it was m the spleen and the liver Vacu- 
olated cells were not seen m the glomerular 
tufts 

As has been noted earlier, acacia is used in the 
treatment of chronic glomerulonephritis with re- 
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Fig 3 — Section of liver of dog two years after 
injections of acacia had been completed (X 160) 



Fig 4 — Sections (a) Spleen showing vacuolation in 
capsule and reticulum ( X 120) , (6) convoluted tubules 
of kidney showing vacuolation (X 155) 


sistant nephrotic edema Also, it is used m some 
cases m treatment for acute shock Hepatic, 
splenic and renal tissues obtained at necropsy m 
certain cases of these lands were examined 
grossly and microscopically for the presence of 
the cytoplasmic vacuolation seen m the animal 
tissues 

In order to establish the significance of the 
results of examination of tissue of these patients, 
which presently will be described, it is necessary 
to record the quantity of acacia administered to 
them or the concentration of acacia m their blood 
serums or both at certain periods before their 
deaths A woman, 1 of 2 patients with chronic 



Fig 5 — (a) Section of liver of man who had had 
nephrosis and had, received injections of acacia three* 
weeks before death (X 160) , (l?) darkened area's at-, 
tributable to positive stain for fat (X 160) [ 

i 

glomerulonephritis and nephrotic edema who* 
were treated at the clinic, had received 210 Gm ' 
of 6 per cent solution of acacia, which amounted i 
to approximately 3 7 Gm per kilogram of body;' 
weight, and the concentration of acacia in the 
serum was 1 7 Gm per hundred cubic centi-( 
meters three years before her death The sec-1 5 
ond patient, a man, whose diagnosis was similar,?, 
had received 183 Gm of solution of acacia, orj 
approximately 2 Gm per kilogram of body • 
weight , the concentration of acacia m the serum j 
was 2 7 Gm per hundred cubic centimeters three 1 ) 
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weeks before his death Other patients had been 
given acacia for acute shock and had received 
from 30 to 60 Gm of solution of acacia a few 
days before death In all inch cases, in spite of 
the considerable clinical quantities of acacia that 
had been administered, the livers were approxi- 
mately of normal size , the surfaces were smooth, 
and the tissues were of normal consistency 
Microscopic sections from these livers did not re- 
veal the inner zonal and periportal lightly and 
clearly staining areas that were seen in the livers 
af the animals The cytoplasm of the paienchy- 
nal cells contained fewer large vacuoles, and the 
ffain was positive for fat (fig 5) Acacia may 
lave been present, but its presence was not 
definitive The spleen and kidneys appeared 
lormal 


pared for analysis glycogen had largely disap- 
peared as an interfering factor Qualitative 
colorimetric estimations with Bial’s orcm test for 
pentoses supported this view 

In the animal that died, approximately 53 6 
Gm of acacia was accounted for in the liver, 
spleen and kidneys, 52 Gm of which was in the 
liver The acacia determined to be present in 
the liver of this animal represented about 188 
per cent of the total quantity of acacia injected 
into the animal Andeisch and Gibson have re- 
ported that 50 per cent of acacia injected intra- 
venously into rabbits can be accounted for in the 
liver and about 30 per cent of that injected into 
dogs 

Effects oil the Blood, Othei Than Concentia- 
tion of Acacia — In table 2 are recorded the 
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Table 2 — Detei mutations on the Blood Dm uig and After Intravenous Injections of Solution of Acacia 


Protein fractions 
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53 0 

34 0 

30 0 

2/19/42 

70 

72 

55 

49 

38 

32 

30 20 17 

18 

18 

15 

0 27 
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15 3 

12 4 

42 

4G0 

32 0 

22 0 

3/ 3/42 

72 

72 

54 

50 

39 

27 

32 19 16 

1 9 

19 

1 2 

0 43 

039 

0 32 

171 

12 4 

79 

49 0 

39 0 

290 

3/19/42* 

72 

72 

64 

49 

35 

30 

29 22 23 

20 

13 

07 

0 30 

0 24 

0 25 

16 0 

12 0 

68 

49 0 

37 0 

26 0 

4/16/42 

74 

72 

52 

56 

48 

38 

34 26 22 

22 

22 

17 

0 32 

0 42 

058 

16 8 

12 2 

10 0 

510 

43 0 

37 0 

4/30/42 

78 

72 

48 

57 

54 

46 

37 29 28 

20 

25 

19 

0 46 

0 34 

0 46 

17 9 

14 6 

96 

50 0 

500 

34 0 

5/29/42 

56 

74 

6 G 

55 

52 

53 

34 26 31 

21 

26 

22 

053 

0 48 

0 76 

15 S 

12 0 

114 

530 

47 0 

40 0 

9/ S/42 

66 

66 


61 

47 


3 7 3 2 

24 

1 5 


0 41 

0 43 


85 

74 


54 0 

42 6 


11/30/42 

68 

64 


59 

49 


28 18 

31 

31 


0 61 



12 0 

15 2 


56 0 

46 0 


2/ 4/43 

68 

66 


61 

5 5 


35 30 

26 

26 


0 52 

0 46 


101 

15 3 


56 0 

52 0 


4/21/43 




58 

51 


3 0 30 

2 2 

21 


0 27 

0 2S 





48 0 

44 0 


3/23/44 

66 

72 


61 

53 


37 34 

24 

19 


0 47 

100 


16 0 

16 0 


54 0 

560 



* Acacia was not injected after 3/23/42 


j Chemical Detei mutations of Acacia in the 
Livei, Spleen and Kidneys — By chemical analy- 
sis, it appears that acacia is deposited in the liver, 
1 he spleen and the kidneys m that order in 
eliminishmg quantities At the time when the 
i first abdominal explorations were made and when 
..'-he injections of acacia had been discontinued, 
t ' the concentration of acacia in the serum was 
-ughest and acacia was being stored in the liver 
Approximately ten weeks later, when the second 
a bdommal explorations were made, the concen- 
n rations of acacia m the serum were decreasing, 
°nd storage of acacia in the livers of all animals 
appeared to be increased The hepatic tissues 
nalyzed at the time of the last exploration con- 
tained less acacia than at any other of the four 
eriods, and the concentration of acacia in the 
•jarum was lowest The data obtained indicated 
Aiat by the time samples of tissue had been pre- 


results of .chemical determinations of the blood 
made on tbe 3 observed animals Many workers 
have noted decrease m the total protein, affecting 
both the albumin and the globulin fractions, fol- 
lowing intravenous injection of solution of acacia 
Dick and associates 10 noted that the concentra- 
tion of total proteins of dogs which had been 
given injections of acacia was decreased but that 
the concentration returned to normal after ad- 
ministration had been discontinued Heckel and 
<* 

associates 11 suggested two mechanisms for this 
diminution (1) that the hepatic cells, engorged 
with acacia, are not able to produce the necessary 

10 Dick, M W , Warweg, E, and Andersch, M 
Acacia in the Treatment of Nephrosis, JAMA 
105 654-657 (Aug 31) 1935 

11 Heckel, G P , Erickson, C C , Yuile, C L, 
and Knutti, R E Blood Plasma Proteins as Influ- 
enced by Intravenous Injection of Gum Acacia, J 
Exper Med 67 345-360 (March) 1938 
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amount of plasma protein and (2) that the plasma 
protein is removed from the blood stream in an 
attempt to return plasma volume 'and colloidal 
osmotic pressure to normal limits Yuile and 
Knutti 12 observed that the plasma volume is 
increased after injections of acacia and that while 
this increase obtains the concentration of total 
protein is low Goudsmit and co-workers 13 re- 
ported that most of the decreases in concentration 
of total protein were due entirely to dilution 
We do not have enough information definitely 
to explain the decrease in concentration of total 
protein It may be a dilution effect to compensate 
for circulating serum acacia However, we do 
not believe that it is caused by, but rather that it 
accompanies, the administration of acacia, that 
is the function of the hepatic cells is not seriously 
disturbed Also, as has been reported, some 
others of the functions of the hepatic cells are 
not disturbed by the presence of acacia 14 

In a series of determinations made on normal 
animals, we have found the normal concentration 
of total proteins to range between 6 5 and 7 Gm 
per hundred cubic centimeteis of serum The 
concentration of total proteins was decreased 
similarly in the blood of the 3 observed animals 
The degree of decrease was proportional to the 
amount of solution of acacia given In the blood 
of the 2 animals given the larger amounts of solu- 
tion of acacia, the concentration of total protein 
was lowered to a greater degree than it was m 
the blood of the animal which received the smaller 
amount of solution of acacia Also, this decrease 
was greater in the animal which received the 
most solution of acacia than it was in the animal 
which received the next to the largest amount 
The decreases noted occurred practically at the 
beginning of the period of administration of 
acacia, and the values maintained themselves or 
tended to .improve m spite of continued injections 
over the remaining portion of the period of 
seventy-six days of administration The normal 
plasma albumin fraction is about 4 Gm and the 
globulin fraction, about 3 5 Gm , per hundred 
cubic centimeters, the ratio is slightly greater 
than 11 In comparisons with these normal 
values, it is suggested that the albumin was de- 
creased more than the globulin and that also the 
ratio was reduced below that of normal animals , 

12 Yuile, C L , and Knutti, R E ■> Blood Plasma 
Proteins as Influenced by Intravenous Injection of 
Gum Acacia, J Exper Med 70 605-613 (Dec) 1939 

13 Goudsmit, A , Jr , Bmger, M W , and Power, 
M H Acacia in the Treatment of the Nephrotic 
Syndrome, Arch Int Med 68 701-712 (Oct) 1941 

14 Metcalf, R G , and Hawkins, W B Plasma 
Protein, Bile Salt and Cholesterol Metabolism as Influ- 
enced by Multiple Injections of Gum Acacia in Bile 
Fistula Dogs, Am J Path 15 429-444 (July) 1939 % 


the ratio, however, was not inverted Edema did 
not develop in 2 of the observed animals, m 1 
of which the concentration of total protein was 
depressed below 4 Gm per hundred cubic centi- 
meters The animal which received the most 
acacia, and the value for total protein of which 
was lowest, had ascites at the time when the in- 
jections of acacia were discontinued and when 
the first exploratory operation was performed 
Also, there was slight edema of the hindlegs at 
that time At no time was generalized edema 
present In spite of the high concentration of 
acacia in the serum and the low value for total 
proteins, the dogs that were still living at the 
time this paper was written appeared alert and 
well, as has been said 

The total plasma proteins and also the albumin 
and globulin fractions began to increase almost 
at once after the injections of solution of acacia 
had been discontinued In one month, the con- 
centration of total proteins m the blood of all 3 
observed animals increased f i om 0 7 to 1 3 Gm 
per hundred cubic centimeters This indicates 
that the seium proteins could be lestored The 
return was slow but steady, the values were not 
within the normal range at the end of the period 
of observation 

The ultimate recovery of a patient with hypo- 
protememia is dependent on his ability to restore 
to normal the concentration of total proteins 
Clinically, we have observed many patients with 
chronic glomerulonephritis and the nephrotic syn- 
drome the concentration of whose total proteins 
has increased from below 4 Gm per hundred 
cubic centimeters to normal — that* is, from 3 6 to 
6 2 and from 4 to 7 5 Gm , per hundred cubic 
centimeters — after therapeutic administration of 
acacia This increase has taken place in eleven 
to eighteen months following treatment One of 
these patients, aged 35 years, had been known to 
have renal disease for four years when first 
treated at the clinic At the time of a recent 
follow-up inquiry, this patient stated that he felt 
well and was working full time daily This is 
the evidence on which we base the belief that' the 
temporary decrease in the concentration of total 
protein accompanies, but is not caused by, the 
administration of acacia 

Under the conditions of this study the fibrin- 
ogen was never depressed to the low limits 
reached in the work of Heckel and his associates i 
and of Yuile and Knutti The values for fibrin- j 
ogen fluctuated, but not directly with the decrease ■ 
m the total proteins nor with the decrease in the ‘ 
fractions of albumin and globulin These deter- 1 
mmations did not vary directly with the quantity 
of solution of acacia administered Also, the. 
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values for fibrinogen did not remain low during 
the period of administration of solution of acacia 
One determination of plasma fibimogen made on 
animal 7, which received the second largest 
amount of solution of acacia, reached 1 Gm , this 
indicated that the source of supply of this protein 
fraction, which many workers feel is mainly the 
hirer, 15 was able to sustain an increase of values 
for fibrinogen to above normal If the plasma 
fibrinogen is used as a means of estimating the 
relative degree of hepatic function, according to 
these determinations the hepatic cells of the ob- 
served animals were not seriously m j ui ed Other 
authors have reported that m determining con- 
centration of fibrinogen they found the time 
necessary for the clot to form to be from twenty 
minutes to one hour To determine whether 
precipitation time might be a factor m obtaining 
all the fibrinogen present in plasma that con- 
tained acacia, this process was controlled at 
twenty minutes, at one hour and or ermght The 
determinations of fibrinogen made at these differ- 
ent times on the different specimens of plasma 
were nearly alike 

The animal which received the largest dose of 
solution of acacia had a normal value for pro- 
thrombin during the middle part of the com sp of 
injections of acacia Duplicate determinations 
on all 3 observed animals, sixty-nme days after 
the injections of acacia had been begun, also gave 
1 normal results The coagulation time always 
c was normal, between five and ten minutes Clot 
, retraction appeared normal Bleeding time was 
normal 

The sulfobromophthalem sodium test of hepatic 
_ function was made fifty days after the injections 
* of acacia had been begun, and it was found that 
less than 5 per cent of dye was retained by any of 
the 3 observed animals These results were m- 
1 terpreted as being normal 

The concentration of hemoglobin also fluc- 
tuated, increasing slightly between injections, 

IS Foster, D P , and Whipple, G H Blood Fibrin 
1 Studies IV Fibrin Values Influenced by Cell Injury, 
s Inflammation, Intoxication, Liver Injury and the Eck 
l Fistula, Notes Concerning the Origin of Fibrinogen 
c in the Body, Am J Physiol 58 407-431 (Jan 1) 1922 
“ Berryman, G H , Bollman, J L, and Mann, F C 
c The Influence of the Liver on the Proteins of the 
a Blood Plasma, ibid 139 556-562 (Aug ) 1943 


and, with reference to the 2 living animals, at 
the tune of wilting of this paper these values had 
retunied to ndrmal Hematocrit values decreased 
after injections of solution of acacia and increased 
between injections ’They became normal and 
continued so when the injections were discon- 
tinued (table 2) Macrocytic anemia has been 
observed repeatedly among patients whose hepatic 
substance has undergone varying degrees of 
damage and destruction 10 The changes m the 
blood are variable, and anemia does not develop 
in all cases m which the liver has sustained dam- 
age Blood smears taken m the early days of 
administration of acacia and throughout the 
period of observation, including the day on which 
administration was discontinued and two years 
following discontinuance of administration, were 
examined for evidence of macrocytosis At alt 
tunes the mean diameters of the cells were within 
the ranges determined on normal dogs, 6 5 to 
7 2 microns 

There was definite increase in the sedimenta- 
tion rate of the animals which received acacia 
as contrasted with that of normal dogs The 
gieatest increase was that of the animal which 
leceived the largest amount of acacia, and the 
least increase occurred m the animal which re- 
ceived the smallest amount of acacia 

SUMMARY 

In a period of seventy-six days 3 dogs received 
eight, twenty-two and twenty-six times the 
amount of acacia usually given therapeutically to 
patients The animal that received the largest 
amount died four months after discontinuation 
of the injections of acacia No evidence of pro- 
found functional hepatic injury was found, al- 
though large amounts of acacia were present m 
the liver In the livers of the other 2 dogs acacia 
was present twenty-six months after the last in- 
jection of acacia These animals survived four 
exploratory laparotomies with biopsy of the liver 
and remained m good condition These results 
do not contraindicate the use of acacia therapeu- 
tically under careful ^management 

16 Kracke, R R, and Garver, H E Diseases of 
the Blood and Atlas of Hematology, Philadelphia, 
J B Lippmcott Company, 1937, p 249 



HABITUS OF PATIENTS WITH ACTIVE SICKLE CELL 
ANEMIA OF LONG DURATION 

TRAVIS WINSOR, M D , and GEORGE E BURCH, M D 

NEW ORLEANS 


In many disease states the general physical 
characteristics of the patient aid the examiner 
in making an etiologic diagnosis In acromegaly, 
cretinism or myxedema, achrondroplasia, pitui- 
tary basophilism, mongolism, adiposogenital dys- 
tiophy, rickets and many other conditions 
valuable information can be obtained by observa- 
tion of the nude subject Patients with long- 
standing active sickle cell anemia have a fairly 
characteristic habitus 1 which may be considered 
typical of the disease In several instances the 
diagnosis of sickle cell an&mia was suspected on 
inspection of the nude subject by physicians 
familiar with the sickle cell anemia type of 
habitus In these instances subsequent hanging 
drop pieparations showing sickling and positive 
diagnostic parametei s 2 indicated the coi rectness 
of these observations 

The puipose of this paper is to point out the 
characteristics of the habitus of patients with 
sickle cell anemia of long duration and to discuss 
some of the factors which contribute to its pro- 
duction 

t 

Fifteen patients between the ages of 6 and 32 years 
with active sickle cell anemia and 4 patients between 
the ages of 30 and 47 years with sicklemia (the sickling 
phenomenon without anemia or other manifestations of 
the disease) were chosen for study All patients with 
sickle cell anemia had sickling of the erythrocytes and 
positive diagnostic parameters Reports on detailed 
anthropometric studies on these patients^have been pub- 
lished elsewhere 1 All patients were* Negroes, and 
most of those with sickle cell anemia had been hos- 
pitalized and observed repeatedly during exacerbations 
of their disease The majority of the patients had 
associated heart disease, which probably resulted from 
their long-standing anemia 3 The adult and adolescent 
male patients had the most numerous hospital admissions, 
and as a group represented the most severely diseased 
patients For each patient with sickle cell anemia, 10 

From the Department of Medicine, Tulane Univer- 
sity of Louisiana School of Medicine, and Charity 
Hospital 

1 Winsor, T , and Burch, G E The Habitus of> 
Patients with Sickle Cell Anemia, Human Biol 16 
99-113 (May) 1944 

2 Winsor, T , and Burch, G E Diagnostic Phys- 
lochemical Blood Tests in Sickle Cell Anemia, Am 
J M Sc 207 152-160 (Feb) 1944, A Study of the 
Sedimentation Rate of Erythrocytes in Sickle Cell 
Anemia, Arch Int Med 73 41-52 (Jan) 1944 

3 Winsor, T , and Burch, G E Electrocardio- 
gram and Cardiac State in Patients with Sickle Cell 
Anemia, to be published 


control subjects of the same sex, age and color were 
chosen for comparison 

Two methods of study were utilized (1) The gen- 
eral appearance of the subjects was evaluated by direct 
observation and from photographic prints, and (2) 



Fig 1 — This 19 year old patient has had approxi- 
mately 2,000,000 erythrocytes for at least the past three 
years There is no evidence of cardiac disease He 
illustrates the linear type of habitus and a definite loss 
in weight The legs are long and th« trunk relatively 
short 

anthropometric measurements were obtained by means 
of standard anthropometric technic and equipment 4 Of 

4 Hrdlicka, A Practical Anthropometry, Phila- 
delphia, Wistar Institute of Anatomy and Biology, 
1939 


47 



48 


ARCHIVES OF INTERNAL MEDICINE 


these two methods the former yielded valuable infor- 
mation which could not be adequately recorded by 
direct measurement The latter gave significant infor- 
mation regarding in particular the skeletal structure 

THE HABITUS 

Clinical Appeal ance — The habitus of patients 
with active sickle cell anemia was often striking 
and at times characteristic, pai ticularly of patients 
in whom the disease had been active for many 
years 



Fig 2 — The legs are long and the trunk short The 
anteroposterior diameter of the chest is increased as 
compared with the lateral diameter The neck appears 
short There is a definite kyphosis m the upper region 
of the thorax The normal lower lumbar lordotic 
curvature is increased The patient has complained of 
intermittent backache for the past four years Roent- 
genographic changes in the bodies of the lumbar verte- 
brae are shown«m figure S 

The following characteristics were observed in 
the adult patients and are exemplified in figures 
1 and 2 

The patients were slender and appealed rela- 
tively tall, although they were not necessarily of 
i greater than average height The shoulders and 


hips were narrow, producing a linear type of 
habitus (fig 1) Occasionally the head was 
somewhat abnormal in shape (dolichocephalic, 
scaphocephahc or otherwise unusual) The neck 
appeared short The normal upper dorsal ky- 
photic curvature was definitely accentuated (fig 
2), and the lower lumbar curvature was exces- 
sively lordotic The arms and legs were thin and 
long and the trunk short (figs 1 and 2) The 
chest was deep and narrow, producing a “hoop- 
chested” appearance The hands, fingers, feet 
and toes were long and narrow The hands 
have been well termed “spider hands” (fig 3) 
Signs of hypogonadism (such as genital hypo- 
plasia or atrophy, hypotrichosis and high-pitched 
voice) were occasionally encountered 

The appearance of the children was either 
slightly or strongly abnormal, depending on the 



Fig 3 — “Spider fingers" with generalized decalcifi- 
catiQii m a 17 year old girl -who lias had severe chronic 
active sickle cell anemia for at least eight jears 
Osseous changes arc present elsewhere in the bod\ 

seventy and duration of the disease In this 
group the tlnn arms and legs, the “hoop chest” 
and the protruding abdomen weie the most out- 
standing characteristics (fig 4) Any of the 
chaiactenstics just descnbed for the adult pa- 
tients might be present, howet er 

In subjects with sicklemia no cliaiactenstic 
featuies were seen 

Roentgenogi aphic Mamjesiations — Although 
the roentgenographic observations were not con- 
stant, certain features should be mentioned 
Changes m the skull were rarely pi esent and con- 
sisted of decalcification with exaggeration of the 
noimal reticulations, best seen m the region of 
the vertex Only 1 of 8 patients for whom 
roentgenograms of the skull were taken showed 
the typical “hairbiush” appearance The ver- 
tebral bodies sometimes showed pionounced de- 
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calcification and sometimes showed crescentic 
depressions of their superior and inferior bor- 
ders (fig 5). These changes were most notice- 
able m the lumbar region The hands showed 
“spider fingers,” with pronounced decalcification 



Fig 4 — This 7 year old patient demonstrates the 
deep chest, “hoop chest,” and the protuberant abdomen 
The spleen and liver were not palpable, and the ab- 
domen was tympanitic There has been no appreciable 
change in the degree of abdominal protuberance during 
the past three years 

t 

of the metacarpal bones and phalanges (fig 3) 
m some 

Anthi opometric M easm ements — The mean, 
maximum and minimum measurements are listed 
m the table All measurements were made ac- 
cording to the metric system, and the indexes 
are expressed m pei cents The average values 
for the patients with sickle cell anemia repre- 
sent the averages for 3 male patients, the ages 
being 21, 24 and 30 years The control groups 
consisted of 10 subjects each of the same sex, 
age and color, making a total of 30 control 
subjects 
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The following points are emphasized m the; 
table The mean stature of the diseased sub- 1 
jects was slightly less than that of the controls > 
The mean weight of the patients with sickle cell 
anemia was noticeably less than that of controls f 
(table b) Although both stature and weight 1 
were reduced, the weight was reduced more than , 
the stature (table c) The span, like the stature, [ 
was less for the patients than for the controls, j 
however, the relation of the span to the stature 
was not significantly different m the two groups 
(table d) The sitting height as compared toj’ 
the stature was shorter in the diseased group* 
than m the controls (table e) The average, 
sitting height of patients with sickle cell anemia! 
was 47 2 per cent of the stature, and of the con-' 
trol subjects it was 51 5 per cent The average^ 
pubic height (measured from the floor to the 
superior portion of the symphysis pubis) wasi 
55 9 per cent of the stature in the diseased group ' 
and 53 3 per cent m the control group The . 
average widths of the shoulders and pelvis were, ! 
less m the diseased group than in the controls ! 
(table j and g ) The pelvic width in the diseased 

t 1 



Fig 5 — Changes m the vertebral bodies seen m the^ 
patient illustrated m figure 2 There is generalized 
decalcification with crescentic depressions of their su- 3 
perior and inferior aspects The changes are most) 
conspicuous in the fifth lumbar -vertebra 3 

7 

group was narrow m relation to the stature, being f 
14 6 per cent of the stature as compared with* 
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15 9 per cent in the controls (table li) The 
circumferences both of the chest and of the ab- 
domen were less for the patients ,than for the 
controls (table 7 and ]) The aveiage abdominal 
circumference in the diseased group was rela- 
tively large, averaging 87 3 per cent of the 
thoracic circumference in the diseased patients 
and 83 5 pei cent in the controls The antero- 
postenor diameter of the chest averaged 77 5 per 
cent of the lateral diameter in the diseased group 
and 67 1 per cent in the controls Items in and n 
in the table illustrate the long narrow chaiacter 
of the hand and foot The circumference of the 
leg was decidedly reduced (table o) Theie was 
a tendency to dolichocephaty (table p ) 

Figures 6 and 7 show a few of the chaiacter- 
lstics which constituted the drepanocytemic habi- 


Mean Anthropomctnc Measurements fo) Three Patients 
with Sickle Cell Anemia and for Thvty 
Normal Subjects 


Patients with 

Sickle Cell Anemia, Controls, 
Mean (Extremes) Mean (Extremes) 

bn 1 y .. n f 


Measurement or Index 

Cm , % or Kg 

Cm , % or Kg 

(a) Stature 

10S 2 (171 0-105 5)* 

171 8 (177 0 100 3) 

(b) Weight 

43 0 

(45 0-41 0) 

01 0 

(79 5 51 2) 

(c) Weight/stature 

25 6 

(20 3 24 8) 

35 5 

(418 41 9) 

(d) Span/stature , 

105 9 (100 0 105 8) 

10G 2 (107 0-105 4) 

(e) Sitting beight/stature 

47 2 

(47 5-40 9) 

51 5 

(51 G 51 4) 

(f) Shoulder mdth 

30 5 

(38 8 34 3) 

410 

(14 0 37 3) 

(g) Pelvic width (intercris 
tal) 

24 0 

(24 7 24 0) 

27 4 

(30 0 25 0) 

(h) Pehic width/stature 

14 G 

(14 9 14 4) 

15 9 

(1G 9 15 0) 

(i) Circumference of chest 

72,5 

(75 0-71 1) 

80 3 

(97 3 78 8) 

O) Abdominal circumference 

63,3 

(03 6-03 0) 

72 1 

(80 5-08 1) 

(h) Anteroposterior diam 
eter of chest 

18 0 

(19 0-18 2) 

19 0 

(21 9 17 2) 

(1) Lateral diameter of chest 

24 0 

(2G 0 22 0) 

28 3 

(3 1 7 24 4) 

(m) Hand breadth/length 

41 7 

(43 1 40 8) 

45 2 

(45 6 44 1) 

(n) Poot breadth/length 

30 7 

(37 0-34 2) 

380 

(41 3-37 2) 

(o) Circumference of calf 

221 

(25 4-21 8) 

325 

(30 0-30 5) 

(p) Head width/length • 

70 5 

(72 7 6S 2) 

771 

(78 5-70 1) 


* Maximum and minimum values arc shown within the 
parentheses 


tus in 7 children, 2 adolescents and 6 adults 
These graphs illustrate the changes in body con- 
figuration which were observed at different age 
levels and may suggest changes which take place 
as growth and the disease processes progress 
For each patient with sickle cell anemia, 10 nor- 
mal subjects of the same sex, age and color were 
studied as controls, making a total of 70 chil- 
dren, 20 adolescents and 60 adults, or 150 control 
subjects in all In the older age groups the 
patients were moie linear in build than the 
.controls (fig 6) The circumference of the legs 
-was considerably less than that of the legs of 
( lhe controls at all age levels, and the difference 
5 was greatest in the adolescents and adults The 
body weight was less than that of the controls 
I This difference also was greatest in the adults 
& >md adolescents The hands were consistently 


longer and narrower than the hands of controls 
at all age levels (fig 6) The sitting height 
was less than that of the controls m all three 
groups (fig 7) The legs, from youth to adult- 
hood, were somewhat longei than those of the 
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Fig 6 — Changes in body configuration seen at three 
different age levels, during childhood, adolescence and 
adulthood The figures represent the averages of 15 
patients with sickle cell anenna and of 150 normal 
subjects used as controls The numbers at the base 
of the graph represent the following comparisons (1) 
width of the pelvis as compared with the stature in 
per cents, (2) circumference of the leg in centimeters, 
(3) body weight in relation to the stature in per cents, 
and (4) width of the hand in relation to the length 
in per cents 



Fig 7 — Other comparisons from the same patients 
described in figure 6 (all comparisons expressed m per 
cents) (1) sitting height in relation' to the stature, (2) > 
pubic height in relation to the stature, (3) depth of the 
chest in relation to the width, and (4) abdominal cir- 
cumference in relation to thoracic circumference 
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controls The chest had a “hoop-chested” ap- 
pearance in the three age groups In the older 
age groups, the abdominal girth in relation to 
the thoracic girth was less than that of the con- 
trols (fig 7) 

Although in isolated instances the change in 
body form with increasing age was not distinc- 
tive, theie was oftfen a major difference between 
the body featuies existing m childhood and 
those seen m adulthood 

COMMENT 

It is not surprising that the habitus is abnormal 
in patients with long-standing active sickle cell 
anemia, as practically all tissues of the body are 
affected by the disease processes The organs 
involved are so numerous and the signs and 
symptoms so protean that Wmtrobe has labeled 
this disease, in contrast to syphilis, the “little 
imitator ” 5 The cardiovascular system is affected 
m about 90 per cent of patients, and a diag- 
nosis of rheumatic or congenital heart disease 
was erroneously made for more than half the 
patients at Charity Hospital 3 Involvement of 
the nervous system has produced paralytic 
changes, for which leg casts have been applied 
under the mistaken diagnosis of poliomyelitis 
Pulmonary infarcts have been repeatedly and 
mistakenly diagnosed as bacterial or atypical 
pneumonia, and treatment for the former with 
sulfonamide drugs has produced definite injury 
to the kidneys, which were already injured by 
the disease process itself The abdominal viscera, 
the spleen, liver and gastrointestinal tract, 
are all frequently involved, and erroneous pre- 
operative diagnoses of ruptured peptic ulcer, 
ruptured gallbladder or acute appendicitis have 
led to unwarranted surgical intervention among 
these patients, m whom there is a high suigical 
mortality In addition to the involvement of the 
aforementioned organs and organic systems, dis- 
eases of the endocrine, hemopoietic, vascular and 
osseous systems serve to produce changes in the 
body type With involvement of so many organ 
systems, it is not surprising that the habitus of 
these patients is altered 

The anemia itself is probably of great impor- 
tance m altering the habitus, as patients with 
sicklemia do not have an abnormal habitus 1 
Severe anemia produces poor nutrition to all 
organs and tissues, and the tissues most sensitive 
to anoxia will be affected to the greatest degree 
If, as a result of anoxia, the gonads became 
atrophic and the pituitary remained active, a 
hypogonad type of habitus would result The 

5 Diggs, L W , Pulliam, H N , and King, J C 
The Bone Changes m Sickle Cell Anemia, South M J 
30 249-259 (March) 1937 


subject would be tall, the span would exceed 
the stature, and the bone age would be con- 
siderably retarded If the gonads remained 
functioning normally and the pituitary activity 
was depressed, the subject would be of decreased { 
stature, the span to stature ratio would not bejj 
abnormal, and there would be no noticeable re- j 
tardation of the bone age In most of the patients | 
with sickle cell anemia described in this study, jj 
the stature was decreased, and in some there was j 
also evidence of hypogonadism Thus it is pos- j 
sible that both the gonadal and the pituitary ! 
activities were decreased to produce this picture 

At just what age characteristic features of the - 
habitus manifest themselves depends to a great 
extent on the severity of the disease and on the 
age at which the illness becomes active It is 
conceivable that the typical habitus might be 
present at or before birth if severe intrauterine’ 
sickle cell anemia were present Definite devia-' 
tions from the normal have been repeatedly < 
recognized during the first decade of life of such 
patients 

The development of the sickle cell anemia i 
habitus may be likened to the development of'- 
the habitus in patients with acromegaly When;, 
the disease is far advanced and of long dura- 
tion, the clinical picture is easily recognized 1 
When the disease process is slight or when full j 
physical development has not taken place, as in ' 
younger persons, the typical configuration is 1 
often not apparent Also, like that of patients ( 
with acromegaly, the body type in sickle cell* 
anemia is not due to genetic characteristics, as,< 
is sometimes true of patients, for example, with ' 
achondroplasia, but is a result of the disease 
processes themselves ( The sickle cell anemia; 
habitus is unlike the “jieptic ulcer habitus” or the! 
“poliomyelitis physiognomy ” In these the habi-1 
tus is said to be genetic in ongm and allegedly’ 
indicates a “constitutional” predisposition to the' 
disease 

The essential features of the sickle cell anemia; 
habitus are as follows \ 

The adults have linear builds, emaciation, long? 
legs, “hoop chests,” short trunks, “spider hands,”- 
lumbar loidosis and upper dorsal kyphosis, ten-^ 
dencies to hypogonadism and general appearance^ 
of fragility The children have “hoop chests,”' 
enlarged, protruding abdomens and thin legs ( 
Changes encountered m adults may be present m) 
children if the disease is severe '* 

At this point it is wise to draw attention to 
few physical characteristics of normal Americand 
Negroes as compared with those of white Amen A 
cans, as a knowledge of these physical trait' ‘ < 
helps to prevent confusion resulting from normal . 
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racial differences 0 The adult Negro is allegedly 
shorter m statute and lighter in weight than the 
white adult This may not be true of Negroes 
from all localities They ai e more linear m habitus, 
and the head tends to dohchocephaly The trunk 
is lelatively short, and the pelvis is flat and 
narrow The length of the hands and feet is 
great as compared with their widths The arms 
and legs are long, and the span exceeds the 
stature by as much as 12 cm in some Negro 
men There is an increase in the curvature 
of the lumbar portion of the spine, which pro- 
duces a relative lumbar lordosis The physical 
characteristics of the normal Negro may be 
found elsewhere 6 7 In sickle cell anemia these 
normal characteristics are often exaggerated 

I The habitus of patients with sickle cell anemia 
superficially resembles that encountered in pa- 
tients with primary hypogonadism There are 
certain variations, however, which aid m differ- 
entiating these two conditions In patients with 
sickle cell anemia the span does not tend to 
exceed 107 per cent of the stature In primary 
hypogonadism the span may exceed 112 per cent 
of stature or more In sickle cell anemia the 
stature is often less than normal, while in primary 
hypogonadism it is greater than normal In 
sickle cell anemia “spider hands” are present 
The fingers are long and thin, and there is 
roentgenologic evidence of decalcification of the 
metacarpals and phalanges Localized areas of 
periostitis may be seen The body weight in 
primary hypogonadism is not usually abnormally 
decreased, while m active sickle cell anemia it 
is usually sharply reduced In both disease states 
the trunk is short as compared with the stature 
In primary hypogonadism the decrease in the 

6 Herskovits, M J , Cameron, U K , and Smith, 
H The Physical Form of Mississippi Negroes, Am 
J Phys Anthropol 16 193-201 (Oct -Dec) 1931 
Hrdlicka, A The Full-Blooded American Negro, 
ibid 12 15-33 (July-Sept ) 1928 Herskovits, M J 
Anthropometry of the American Negro, New 
York Columbia University Press, 1930 Hrdlicka, A 
Anthropology of the American Negro, Am J Phys 
Anthropol 10 205-235 (April- June) 1927 Royster, 
L T , and Hulvey, C N Relations of Weight, 
Height, and Age in Negro Children, Am J Dis 
Child 38 1222-1230 (Dec) 1929 

7 Royster, L T Body Types of Negro Children, 

Arch Pediat 53 259-266 (April) 1936, Tr Sect 
Pediat, A M A, 1935, pp 133-139 Beckham, A S 

; A Study of Weight and Stature of Negro City Chil- 
. dren of Adolescent Age, Human Biol 10 124-139 
_ (Feb ) 1938 Herskovits, M J Physical Types of 

West African Negroes, ibid 9 483-497 (Dec) 1937 
1 Mustard, H S , and Waring, J I Height and 
p Weights of Colored School Children, Am J Pub 

Health 16 1017-1022 (Oct) 1926 Todd, T W, and 
1 Lindala A Dimensions of Body, Am J Phys An- 
A thr °P o1 12 35-119 (July-Sept ) 1928 


sitting height is due to definite overgrowth of 
the long bones of the legs, while m sickle cell 
anemia it is due for the most part to shortening 
of the trunk as a lesult of a decrease in the 
height of the lumbai vertebrae 5 Unusual de- 
grees of kyphosis and lordosis due to changes 
in the bodies of the vertebrae (fig 3), enlarge- 
ment of the abdomen, enlargement of the antero- 
postenOr diameter of the chest (“hoop chest”) 
and decreased circumference of the legs tend 
further to differentiate these two conditions 

In sickle cell anemia some of the adult patients 
with severe anemia have evidence of gonadal 
hypofunction In men, the scanty facial, thoracic 
and pubic hair, the testicular atrophy and the 
high voice are striking features which are occa- 
sionally seen Retarded bone age is present m 
somd adult patients 5 This was not encountered 
by us, however The slight increase in length 
of the low'er extremities over that seen in normal 
persons may be evidence of some degree of hypo- 
gonadism Tins hypogonadism, wdien present, 
is a secondary and not a primary type 

Changes in the external and roentgenologic 
appearance of the bones of the skull have been 
discussed by others 8 * Scaphocephaly with roent- 
genologic evidence of thickening of the outer 
table of the vertex, 0 dohchocephaly 10 and 
macrocephaly 11 have all been described Diggs, 
Pulliam and King c have pointed out that up to 
1937 there w^ere only 9 patients described in the 
liteiature m v r hom typical changes of the skull 
w'ere present ( In their series of patients, only 
1 had significant osseous changes in the skull 
The rarity of these changes should be appreciated 
Of the 15 Charity Hospital patients in this series, 
only 2 had definite gioss abnormalities in the 
shape of the skull Of the 8 patients m whom 
the skull was studied roentgenogiaplncally, only 
1 showed the “hairbrush” appearance with thick- 
ening of the outer table It is felt that the 
so-called typical roentgenographic changes m the 
skull are both uncommon and nonspecific, as 

x 

8 Vogt, E C , and Diamond, L K Congenital 
Anemias Roentgenologically Considered, Am J Roent- 
genol 23 625-640 (June) 1930 Moore, S Bone 
Changes in Sickle Cell Anemia, J Missouri M A 
26 561-564 (Nov) 1929 Femgold, B F, and Case, 
J T Roentgenographic Skull Changes m Anemias 
of Childhood, Am J Roentgenol 29 194-202 (Feb ) 
1933 

9 Harden, A S , Jr Sickle Cell Anemia Changes 
in the Vessels and in the Bones, Am J Dis Child 
54 1045-1051 (Nov) 1937 

10 Rose, C B Some Unusual X-Ray Findings in 
Skulls, Radiology 13 508-514 (Dec) 1929 

11 Grinnan, A G Roentgenologic Bone Changes 
in Sickle Cell and Erythroblastic Anemia, Am J 
Roentgenol 34 297-309 (Sept) 1935 
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the changes cited are encountered m other clini- 
cal states, such as Cooley’s anemia and congenital 
hemolytic icterus 12 

It may be said that the habitus m patients with 
sickle cell anemia is a changing one and striking 
variations m the physical characteristics are to 
be expected The dynamic character of the dis- 
ease tends to mold and remold the body type as 
the extent and duration of the disease vary 
Many patients with mild disease or with disease 
of short duration will not exhibit the habitus just 
described 

Sickle cell anemia presents a difficult problem 
in diagnosis, only because it is forgotten when a 
differential diagnosis is under consideration 
One significant advantage of a knowledge of the 
habitus in active sickle cell anemia is .that on 
inspection of the patient one is immediately 
reminded of the disease entity and thus has the 
disease in mind before considering its diagnosis 

SUMMARY 

The habitus of 15 patients with sickle cell 
anemia and of 4 with sicklemia was studied 

The body type of patients with sickle cell 
anemia was variable in its manifestations because 
of the dynamic character of the disease The 
presence of the sickle cell anemia habitus depends 

12 Williams, H U Human Paleopathology, Arch 
Path 7 839-902 (May) 1929 Diggs, Pulliam and 
King 5 


on the extent and duration of the disease proc- 
esses and on the age of the patient at the time 
of onset A characteristic habitus was not en- 
countered m patients with sicklemia The syn- 
drome was most chaiactenstic m adults and may 
be described as follows The habitus was linear , 
the subjects were underweight, the hips and 
shoulders were nariow, and the stature was de- 
creased There was an increased upper dorsal 
kyphosis and lumbar lordosis and an increase m 
the anteroposterior diameter of the chest (“hoop 
chest”) The trunk was short and often showed 
roentgenologic evidence of flattening of the 
lumbar vertebrae The arms and legs were 
long, but the relationship between the span and 
the stature was not abnormal for Negroes The 
hands (“spider hands”) and feet were long and 
narrow, and there was roentgenologic evidence 
of decalcification of the metacarpal s and pha- 
langes 

The external genitalia were occasionally 
atrophic, and facial hair was sometimes scanty 

In the children, many of the changes just men- 
tioned were slight, the more constant observa- 
tions being the “hoop chest,” the large abdomen 
and the small circumference of the legs 

The factors which seem to contribute to the 
sickle cell anemia habitus are the anemia, the 
cardiovascular disease, the endocrine changes and 
the changes in the osseous system 
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Myocardial infarction as a clinical entity dif- 
fers m many respects from other forms of heart 
disease In most other conditions leading to 
cardiac strain and insufficiency the abnormal 
.process affects the heart slowly and gradually, 
allowing some time for adjustment and adapta- 
tion In infarction the lesion m the myocardium 
develops suddenly, resulting m partial necrosis 
of it, and in surviving patients the remaining 
healthy muscle takes over the function of the 
whole unit instantaneously The derangement of 
, the circulation resulting from this sudden insult 
to the heart is well suited for clinical study, 
because the exact time of its onset is usually 
clinically evident The clinical picture of myo- 
> cardial infarction is well known A great deal 
of work has been done on the clinical aspects, 
,, laboratory findings, course and prognosis of 
acute infarction, but only a few papers have dealt 
with the mechanism of circulatory adjustment 
, following the attack Experimental studies by 
, Orias 1 and by Gross. Mendlowitz and Schauer 2 
have thrown some light on the subject Orias 
concluded that the adaptability of the portion ol 
* the cardiac muscle not affected by the experi- 
f mental infarction is the most important factoi 
determining the outcome Gross and his col- 
laborators found a decreased cardiac output and 
increased circulation time indicating left ventricu- 
lar failure Fishberg, Hitzig and King 3 studied 
circulatory dynamics m human beings with acute 
myocardial infarction and found two distinct 
’ mechanisms influencing the course of the disease 
{ (a) shock and (b) heart failuie They felt that 
j m some cases one mechanism predominates and 
t m otheis the othei one A more recent study 

l ~ # 

t From the Department of Medicine, Stanford Uni- 
versity School of Medicine and the San Francisco 
C, Hospital (Department of Public Health) 
a 1 Orias, O The Dynamic Changes m the Ven- 
r tricles Following Ligation of the Ramus Descendens 
Anterior, Am J Physiol 100 629, 1932 

2 Gross, L , Mendlowitz, M , and Schauer, G 
^ Hemodynamic Studies m Experimental Coronary Oc- 
clusion, Am Heart J 13 647 and 664, 1937, 14 21 
j and 669, 1937 , 16 278, 1938 

f 3 Fishberg, A M , Hitzig, W M , and King, 
F H Circulatory Dynamics in Myocardial Infarc- 
( Arch Int Med 54 997 (Dec) 1934 


by Stead and Ebert 4 dealt* with tire same sub- 
ject, and m it the authors emphasized the co- 
existence of both these factors m some of their 
cases They expressed the opinion that both are 
manifestations of the same causative agent, which 
is diminished cardiac output following infarction 
This cardiac, or “cardiogenic,” mechanism of 
shock was discussed at length by Boyer 5 m a 
refcent review Grishman and Master a studied 
cardiac output by a physical formula and found 
it decreased after myocardial Infarcts in 4 of 
their *5 cases This was confirmed by Starr and 
Wood 7 who used the balhstocardiograph Massie 
and Miller 8 found no changes m cardiac size by 
roentgenologic examination but noted signs of 
pulmonary congestion m most cases 

It is evident to all students of the subject that 
there are three distinct types of the disease, at 
least in the early stage following the acute at- 
tack that of patients with predominant signs of 
severe shock, that of patients with dyspnea and 
pulmonary edema, often progressing into conges- 
tive failure, and that of patients without any 
symptoms and signs other than the initial attack 
of pam While the first two types, being more 
dramatic, attract moie attention m research, the 
third one is equally important from the practical 
viewpoint Patients with severe shock or with 
cardiac failure show the highest mortality, and 
most of those who survive become cardiac in- 
valids from chronic insufficiency The milder, 
asymptomatic form of the disease is the one m 
which a high percentage of the patients recover 
For these patients the attending physician faces a 
considerable responsibility, having to decide the 
length of rest m bed, the duration of con- 

4 Stead, E A, Jr, and Ebert, R W Shock 
Syndrome Produced by Failure of the Heart, Arch 
Int Med 69 369-383 (March) 1942 

5 Boyer, N H Cardiogenic Shock, New England 
J Med 230 226, 1944 

6 Grishman, A , and Master, A M Cardiac Out- 
put in Coronary Occlusion Studied by Wezler-Boger 
Physical Method, Proc Soc Exper Biol & Med 48 
207, 1941 

7 Starr, I , and Wood, F C Studies with Balhs- 
tocardiograph in Acute Cardiac Infarction and Chronic 
Angina Pectoris, Am Heart J 25 81, 1943 

8 Massie, E, and Miller, W C Heart Size and 
Pulmonary Findings m Acute Coronary Thrombosis, 
Am J M Sc 206 353, 1)43 
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valescence and the completeness of occupational 
rehabilitation 

This study deals largely with the milder form 
of the disease m an attempt to observe the de- 
rangement of the circulatory dynamics m pa- 
tients so affected Of the two major phenomena 
of myocardial infarction, shock and cardiac 
insufficiency, the latter is more important from 
the long range point of view Shock is an acute 
incident responsible for many early deaths, but it 
disappears completely if the patient is to sur- 
vive On the other hand, signs of cardiac insuf- 
ficiency m the ordinary sense may persist and 
progress into a chronic stage, and their presence 
01 absence will determine the degree of the pa- 
tient’s recovery Thus, even if those who believe 
m the common origin and identical mechanism of 
shock and congestive failure are correct, it is 
obvious that shock ceases to play a part m the 
course of myocardial infarction after the first few 
days The fact that myocardial infarction affects 
almost exclusively the left ventricle is well known, 
and it is not surprising, therefore, that signs of 
left ventricular insufficiency are the predominant 
clinical features in this disease The most sensi- 
tive method of detecting early left ventricular 
failure is determination of the velocity of blood 
flow through the pulmonary circulation 

METHODS AND RESULTS 

The subjects studied were 45 unselected patients with 
acute myocardial infarction Patients were observed 
personally and were included only if the diagnosis was 
reasonably certain, if the infarction was thought to be 
very recent and if they survived for more than a week 
after admission to the hospital Particular attention 
was given to clinical signs and symptoms of left 
ventricular insufficiency, namely, paroxysmal dyspnea, 
orthopnea, gallop rhythm, pulsus alternans, basal pul- 
monary rales, hydrothorax and accentuation of the 
second pulmonic sound The arm to tongue circula- 
tion time was measured by the bile salts method 5 cc 
(or 3 cc for women) of a 20 per cent solution of 
sodium dehydrocholate (Procholon) 9 was rapidly in- 
jected into the cubital vein, and the time from the 
beginning of the injection to the signal given by the 
subject on perception of bitter taste was recorded 
Only determinations with a sharp and distinct endpoint 
were considered Determinations of circulation time 
were repeated at frequent intervals during the patients’ 
stay in the hospital, and they varied from two to 
eight recordings In half the patients, serial record- 
ings of vital capacity were also made 

Of the 45 patients in this series, 32 recovered clini- 
cally and left the hospital asymptomatic, 5 remained 
in congestive failure varying in degree, and 8 died 
Only 2 patients showed definite signs of shock 

Table 1 summarizes the results They are 
based on two sets of figures the shortest circu- 
lation time recorded during the first week after 

9 The E R Squibb Co furnished a generous sup- 
ply of Procholon for this study 


the attack and the last recording made before 
the patient left the hospital Values for circu- 
lation time were classified arbitrarily as normal 
(10 to 16 seconds), borderline (17 to 20 sec- 
onds), slightly prolonged (21 to 25 seconds), 
moderately prolonged (26 to 35 seconds) and 
definitely prolonged (over 35 seconds) Change 
m the circulation time was considered significant 
when it was 3 seconds or more m the first two 
classes and 5 or more m others The table indi- 
cates that the initial reading was withm normal 
limits m only 3 cases, with borderline values m 
14, and was prolonged in 28 All patients who 
did not recover clinically showed prolonged cir- 
culation times at the time of their admission 
Twenty-mne patients, including 24 out of the 32 
with clinical recovery, showed shortening of the 
circulation time on subsequent determinations 
Of the 13 remaining, 5 showed shortening of the 


Table 1 — Circulation Tune m Relation to Clinical 
Result * 


% 

Circulation Time 

Unim 

Recovered proved 

Died 

Total 

Normal , 

(10 to 10 seconds) 

3(1) 

0 

0 

3(1) 

Borderline 
(17 to 20 seconds) 

14 (10) 

0 

0 

14 (10) 

Slightly prolonged 
(21 to 25 seconds) 

11(9) 

2(1) 

3(0) 

10 (10) 

Moderately prolonged 
(20 to 35 seconds) 

4(4) 

1(0) 

4(1) 

9(5) 

Definitely prolonged 
(Over 35 seconds) 

0 

2(2) 

1(1) 

3(3) 

Total 

32 (24) 

5(3) 

8(2) 

45 (29) 


* The figure on the left is based on the shortest circulation 
time recorded during the first week after the attack, the figure 
in parentheses indicates shortening of the circulation time on 
subsequent determinations 

« 

circulation time coinciding with the initial im- 
provement, but they died or had relapses later 
on An additional analysis of the group of pa- 
tients who recovered clinically showed that out 
of the 24 m which the circulation time became 
shorter with recovery, m 15 its final values were 
within normal limits, m 8 there were borderline 
readings and m 1 only did the circulation time 
remain above 20 seconds m spite of clinical re- 
covery 

For 15 patients recordings of circulation time 
were made frequently enough to allow discovery 
of the approximate time after the attack when 
the final (or shortest) values were reached 
These occurred at the end of the first week m 2 
patients, during the second week m 4 patients, 
during the third week m 4 patients and during 
the fourth week m 5 patients 

For 22 patients serial determinations of vital 
capacity were made Because of the influence 
of many noncardiac factors on the vital capacity, 
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10 normal values were set, and the method was 
ised only to observe changes m the same person 
after a myocardial infarction These changes 
were found to be related to changes in circulation 
:une Table 2 presents the initial and the final 
readings of vital capacity and of circulation time 
n the 15 patients out of the 22 who recovered 
It shows that m 9 of them there was parallel im- 
provement evidenced by both methods, the m- 
rrease in vital capacity corresponding to shorten- 
ng of circulation time , in 4 circulation time but 
lot vital capacity improved, and in 2 some im- 
irovement of the vital capacity occurred, while 
:he circulation time was unchanged 
The longest circulation time after a myocardial 
nfarction was for some patients registered within 
vventy-four hours after the attack, while in others 


-Table 2- — Compaiative Changes m the Circulation 
Time and Vital Capacity at the Onset and at 
the End of the Period of Observation 



Initial Reading 

Pinal Reading 

Patient 

Vital 

Capacity, 

Cc 

Circulation 

Time, 

Seconds 

Vital 

Capacity, 

Cc 

Circulation 

Time, 

Seconds 

J N 

3,000 

24 

3,700 

16 

H C 

2,000 

26 

2,200 

15 

R B 

1,600 

19 

2,600 

14 

J is 

3,200 

25 

3,200 

16 

J O 

1,100 

34 

2,600 

IS 

V S 

3 500 

20 

3,500 

17 

R T 

3,000 

20 

3,000 

15 

P W 

1, 700 

15 

2,000 

14 

J O 

2,500 

22 

3,100 

1G 

H O 

3,400 

19 

3,400 

14 

T H 

2,200 

18 

2,600 

14 

J G 

1,100 

16 

1,100 

16 

P H 

2,000 

33 

2,600 

23 

E S 

2,700 

18 

3,100 

17 

c c 

2,300 

25 

2,600 

17 

Average 

2,350 

22 3 

2,7o0 
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it occurred some days afterward In 10 patients 
the determinations were spaced very closely in 
the first week of the disease, and it was found 
that m 6 the peak was reached in twenty-four 
hours, in 1 after forty-eight hours and in 3 three 
days after the attack 

All the patients were divided according to the 
presence or absence of clinical signs and symp- 
toms of cardiac insufficiency In the group m 
which these features were evident, the initial 
circulation times m seconds were as follows 
16, 20, 20, 21, 21, 22, 22, 25, 25, 25, 28, 
31, 31, 33, 34, 35, 35, 42 and 50, being 19 
cases m all, with an average circulation time of 
28 seconds In the remaining 26 cases, without 
l any circulatory insufficiency, the results m sec- 
onds were 15, 16, 17, 17, 17, 18, 19, 19, 20, 
[20, 20, 20, 20, 21, 21, 22, 22, 22, 24, 24, 
1 25, 25, 26, 26 and 36, with an average of 


21 4 seconds Even though this figure is signifi- 
cantly smaller than the one m the first group, 
as it was expected, it is still more than 50 per 
cent higher than the normal average of 13 sec- 
onds 

COMMENT 

It is generally accepted that measurement of 
the arm to tongue circulation time is a valuable 
method of estimating the velocity of blood flow 
through the pulmonary circulation This is based 
on the knowledge that the time from the injec- 
tion of the substance into the vein to its entrance 
to the right side of the heart and the time of its 
flow from the left side of the heart to the receptor 
organ are both very short, so that most of the 
“circulation tune” in the usual sense is spent on 
the flow through the lesser circulation, particu- 
larly through the pulmonary capillaries The 
circulation time consists of four segments the 
three just named and the reaction time, v Inch is 
the time from the moment the fastest flowing par- 
ticles of the substance arrive in the receptor organ 
until a sufficient concentration of them accumu- 
lates to stimulate the organ The reaction time 
is negligible m normal subjects with the use of 
the proper technic, namely, the fastest possible 
injection of the substance into the vein The 
slower the velocity of the blood flow, the more 
diluted is the substance, requiring longer time to 
stimulate the end organ and thus causing an addi- 
tional delay in the circulation time in pathologic 
cases 

Numerous methods of measuring the circula- 
tion time are being used In all of them an indif- 
ferent foreign substance is injected into the vein 
The arrival of the substance in the receptor 
organ is recognized (a) by the patient’s subjec- 
tively perceiving an abnormal sensation (bitter or 
sweet taste or heat sensation), (b) by objective 
signs such as cough or sighing respiration and, 
finally, ( c ) by means of specially devised detec- 
tors, as for example, for radioactive substances 
or for fluorescein Most of the methods used are 
fairly reliable, although errors occur occasionally, 
mostly due to an exaggeration of already defi- 
nitely piolonged circulation times by dilution 
of the substance The recent reports by Lihenfeld 
and Berliner and Esser and Berliner 10 demon- 
strating discrepancies of duplicate readings of 
circulation time are not confirmed, particularly 
for noimal or for slightly prolonged readings 

10 Lihenfeld, A, and Berliner, K Duplicate Mea- 
surements of Circulation Time Made with Alpha Lobe- 
Ime Method, Arch Int Med 69 739 (May) 1942 
Esser, K H , and Berliner, K Duplicate Measure- 
ments of Circulation Time with the Saccharine Method, 
Ann Int Med 19 64, 1943 
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One of the methods they used is shown to be un- 
reliable (alpha lobeline hydrochloride) 11 
Determmation of circulation time is thus a 
generally accepted clinical method of measuring 
the velocity of the blood flow through the pul- 
monary circulation and may be considered accu- 
rate and reliable when used judiciously It 
appears, however, that its accuracy decreases 
with the lengthening of the circulation time when 
to the low velocity of blood flow due to cardiac 
insufficiency other factors are added These 
factors not only lengthen unduly the time but 
also introduce a variable element obscuring the 
relation of circulation time to cardiac function 
and to the clinical course For instance, when 2 
patients with cardiac insufficiency show circula- 
tion times of 30 and 60 seconds, it is doubted 
whether in the second patient the velocity of the 
blood flow is actually slowed twice as much as 
in the first 

In this study most of the patients had only 

slightly' or moderately prolonged circulation 

times, which are in the range of the sensitivity 

and reliability of the method Therefore the 

statistical significance and accuracy of the data 

appear unquestionable 
< 

It appears from the results presented that in 
early stages of acute myocardial infarction there 
is a definite increase in circulation time, which 
_ means slowing of the pulmonary circulation 
This fact indicates that left ventricular insuffi- 
ciency is the rule in almost all cases, even though 
it is clinically apparent in only a few As healing 
of the infarct takes place, the cardiac function 
improves, and the circulation time usually re- 
turns to normal or to borderline values This is 
presented graphically m the chart (A) The 
chart ( B ) also presents the values for circulation 
time of patients with clinically evident left ven- 
tricular failure contrasted with those of patients 
without symptoms of cardiac insufficiency The 
fact that m asymptomatic patients the value is 
decidedly increased, though shorter Ilian in the 
first group, is the most important finding of this 
study It fits m with the result of roentgeno- 
graphic demonstration of latent left ventricular 
failure m cardiac infarction by Massie and 
Miller 8 Roentgenologic demonsti ation of left 
ventnculai insufficiency by presence of pul- 
monary congestion, though helpful, is a less 
constant and less sensitive measure than the 
circulation time 

11 Hussey, H H , Cyr, D P , and Katz, S The 
* Comparative Value of Calcium Gluconate, Magnesium 
Sulfate and Alpha-Lobehne Hydrochloride as Agent 
for Measurements of Arm-to-Tongue Circulation Time 
m Fifty Patients With and Fifty Patients Without 
Heart Failure, Ann Int Med 17 849, 1942 


The absolute values of individual results are 
somewhat diminished by the presence of appar- 
ently insignificant delays in the circulation in 
solne cases, even though the statistical value of 
the group as a whole is obvious The presence 
of so many borderline readings can be explained 
first of all by the overlapping of normal and 
pathologic results m individual cases For ex- 
ample, if a patient with a normally high velocity 
blood flow (around 10 seconds) develops a myo- 
cardial infarction, his circulation may slow by 
60 per cent without bringing the reading outside 
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A Average circulation time (1) normal value, (2) 
initial value in patients who recovered from myocardial 
infarction and (3) final value bn the same group of 
patients 

B Average circulation time (1) in normal persons, 

(2) in patients without clinical signs and symptoms of 
left ventricular failure after myocardial infarction and 

(3) in those with obvious left ventricular failure 


the normal limits of 16 seconds Difficulty in 
evaluating normal results because of wide indi- 
vidual variations occuis m many other clinical 
methods This is exemplified m the data on 
vital capacity, for which no normal standards 
w ere set at all This method could be used only 
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for studying the same person, and comparison 
of the readings m different persons is of no value 
at all 

To this factor of overlapping of normal and 
abnormal values another one may be added which 
also tends to divert the average circulation time 
toward normal, and that is the possible effect of 
noncardiac factors on the velocity of the blood 
It is well known that m hypothyroidism and poly- 
cythemia the circulation is slowed, while in 
anemia and hyperthyroidism velocity is increased 
Other causes of shortened circulation time are 
fever, exercise and excitement with tachycardia 
The effect of fever or of excitement due to pam 
may play a considerable part m counteracting 
the slowed circulation from caidiac insufficiency 
This series of patients is too small to demon- 
strate conclusively this relation, but one can 
speculate about the possibility that these factors 
could account for the failure to demonstrate sig- 
nificant delays m circulation in all 45 of them 

The* use of data on vital capacity proved of 
considerable value m corroborating changes in 
the circulation connected with healing of the 
infarct by another independent method, but de- 
termination of circulation tune appears to be 
more reliable and simpler for loutine use 

Thus it is demonstrated that after an infarction 
of the heart a strain develops on the remaining 
healthy muscle of the left ventricle, which is the 
part of the heart almost exclusively affected by 
infarction The result is left ventricular in- 
sufficiency, which m milder forms may be slight 
and latent and m severe ones obvious and even 
irreversible As healing progresses, an adjust- 
ment and adaptation of the function of the left 
ventricle results, in most cases, m a return of 
the circulation time to normal 01 to borderline 
values The initial derangement of the circula- 
tion after the insult may appear immediately 01 
after a period of hours or days This variable 
interval, incidentally, also occurs m some other 
phenomena of infarction, such as drop m blood 
pressure 

It is felt that the result of this study is of 
more than academic interest It may be applied 
m selected cases as an aid m diagnosis and 
prognosis of myocardial mfaiction The obser- 
vation that the circulation time is prolonged m 
myocardial infarction may help to differentiate 
this from other conditions associated with similar 
attacks of pam in the chest This differential 
diagnosis is often difficult, especially when the 
electrocardiogram is equivocal, as in atypical 
infarcts or m those associated with bundle branch 
block In some such cases it may be difficult to 
decide whether the pam originates in the heart 


or m othei organs and, if in the heart, whether 
it is due to an infaiclion of the myocardium, to 
transient coronary insufficiency or to pericarditis 
In many patients a determination of the circula- 
tion time may offer an important clue, particu- 
larly when the reading is either definitely 
prolonged or very short -For instance, if the 
diagnosis is lri doubt, a circulation time of 24 
seconds would make the diagnosis of infarction 
very likely, as in no other condition associated 
with pam m the chest is there a cause for slow- 
ing of the pulmonary circulation in the absence 
of obvious heart failure On the other hand, in 
a similar case with a circulation time of 11 
seconds other diagnoses than cardiac infarction 
should be considered, especially when fevei and 
tachycardia are absent 

Recent studies by Barnes and Burchell 12 and 
by Wolff 13 dealing with acute pericarditis have 
shown the difficulty of distinguishing this con- 
dition from myocardial infarction Here the value 
of the determination of circulation time m the 
differential diagnosis may be of particular in- 
terest 

While a single determination of the circulation 
tune is useful m the differential diagnosis of 
myocardial infarction, serial readings may help 
determine the pi ogress of the patient recovering 
from it In patients who after the initial attack 
of pam present no signs and symptoms there is 
no clinical indication as to the satisfactory heal- 
ing of the lesion Laboratory procedures are 
often not helpful and may eVen be misleading 
For instance, electi ocardiographic evidence of 
changes may persist for months or even become 
permanent, regardless of the clinical condition 
of the patient Fever and leukocytosis last only 
a short time The sedimentation late may be 
increased for many weeks aftei the patient is 
apparently well, but this persistence does not 
necessarilyaindicate deficient healing Therefore, 
study of* the circulatory readjustment after a 
myocardial infarction offers a method of obser- 
vation of the convalescing patient by estimation 
of the most impoitant single factor m lecovery 
the function of the left ventricle The method 
has the great advantage of being simple, safe 
and inexpensive and does not require any special 
equipment It is logical to assume that a patient 
with a more noticeable initial slowing of the 
circulation time and a slowei rate of accelera- 

12 Barnes, A R, and Burchell, H B Acute Peri- 
carditis Simulating Acute Coronary Occlusion Report 
o£ Fourteen Cases, Am Heart J 23 247, 1942 

13 Wolff, L Acute Pericarditis Simulating Myo- 
cardial Infarction, New England J Med 230 422, 1944 
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tion ought to be hospitalized longer than the one 
who shows a mildly piolonged circulation time 
which returns to normal m a few days 

SUMMARY 

Forty-five unselected patients with acute myo- 
cardial infarction were studied by senal determi- 
nation of the arm to tongue circulation tune and 
22 of them also by serial deteimmations of vital 
capacity The lesults were correlated with the 
clinical observations and with the couise of the 
disease 

In all but 3 patients the initial leadings of the 
circulation time were above normal, the average 
value for the senes being 24 3 seconds (normal 
13 seconds) In 24 of the 32 patients who 
recovered clinically theie was a significant de- 
crease m the circulation time on subsequent 
readings 


Prolonged circulation time indicating left ven- 
tricular failure was found most definitely m 
patients with clinical evidence of caidiac insuffi- 
ciency (19 patients with an average value of 28 
seconds) , however, m patients who were entirely 
asymptomatic except for pam there was still a 
definite delay, indicating latent left ventricular 
failure (26 patients with an average of 21 4 
seconds) 

Determinations of circulation time are of prac- 
tical value and ai e thought to be worth while as 
a routine procedure in myocardial mfaiction 
(a) as an aid m diagnosis by helping to differ- 
entiate it from other conditions associated with 
pam m the chest and (b) m evaluating the 
progress of circulatory readjustment after an 
infarction by means of repeated determinations 
of cn culation time 
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PERNICIOUS ANEMIA AND RELATED 
MACROCYTIC ANEMIAS 

To ilie Edtiot — I should like to present the follow- 
ing concept of pernicious anemia and related macro- 
cytic anemias for the consideration of your readers 
Just as pellagra is no longer considered a “disease” 
of the skin, gastrointestinal tract or nervous system 
but is classified rather as a vitamin deficiency disorder, 
manifested by a disturbance in the metabolism of prob- 
ably every tissue cell, so, too, the known facts relating 
to pernicious anemia may be construed to define not 
a “blood disorder” but one which affects the metabo- 
lism of diverse systems of the organism 
Thus, the “intrinsic factor,” possibly an enzyme 
secreted into the stomach (Lasch [1937], Taylor [1938], 
Gessler [1940]), acts on the “extrinsic factor,” possibly 
some portion of the vitamin B complex (Goodall [1932], 
Ungley [1933 and 1934], Strauss [1932], Wintrobe 
[1939]), with the resultant formation of a thermo- 
labile substance which is conveyed to the liver by way 
of the blood stream The liver then transforms this 
thermolabile substance into a thermostable compound, 
namely, “liver extract principle ” Thus the liver func- 
tions not merely as a storage organ but as an active 
participant in the elaboration of liver extract principle 
I am also suggesting that “liver extract principle” 
is m reality a vitamin, which is possibly concerned 
with the proper functioning of some enzyme system, 
in a manner similar, perhaps, to that of nicotinamide, 
which is involved in enzyme reactions by way of coen- 
zymes I and II (diphosphopyridme and triphospho- 
pyndine nucleotides) 

If such a function is conceded for “liver extract 
principle,” the widespread disturbances of pernicious 
anemia — the gastrointestinal, the nervous, even the 
blood picture itself — then become readily explainable 


on the basis of a disordered metabolism involving one 
Or more particular enzyme systems with which “liver 
extract principle” is intimately concerned 
If the “intrinsic factor” is absent or deficient, as 
occurs in so-called true Addisonian pernicious anemia 
and m high gastric resection (Bence [1934], Goodman 
[1935]), no thermolabile factor can be formed and 
deficiency of “liver extract principle” results 
If the “extrinsic factor” is lacking, as may occur 
in certain instances of macrocjtic anemia, again no 
thermolabile factor is produced and deficiency of “liver 
extract principle” results 

If the thermolabile factor is formed, by interaction 
of “intrinsic” and “extrinsic” factors, but is not ab- 
sorbed, owing to increased intestinal impermeability, 
as may occur m sprue, or owing to gastrointestinal 
short circuits, the thermostable factor cannot be formed 
and again a deficiency of “liver extract principle” 
results 

If the thermolabile factor is absorbed and conveyed 
by the blood stream to the liver, thermostable “liver 
extract principle” can result only in the presence of 
a liver which is functionally adequate to elaborate 
“liver extract principle ” It is possible that in those 
instances m which macrocytic anemia, associated with 
other bodily disorders, occurs in the presence of hepatic 
damage, as in certain cases of hepatic cirrhosis, this 
function of the liver is disturbed and deficiency of the 
thermostable principle results 
Recent work indicates that the active principle of 
liver will soon be isolated and its structure determined 
And with this the syndrome of macrocytic anemia will 
be removed from the category of “blood diseases” and 
added to the list of vitamin deficiency disorders 

Morton Korenberg, M D , Montreal, Canada 
Afedical Arts Building 
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Hypertension and Hypertensive Disease By 
William Goldring, M D , and Herbert Chasis, M D 
Price, $3 50 Pp 253 New York Commonwealth 
Fund, 1944 

The authors are well qualified to write a book on 
hypertension and hypertensive disease They possess 
abundant clinical experience and are thoroughly familiar 
with the fundamental research work which has con- 
tributed so greatly to the recent advances in the study 
of hypertension 

During the past ten years, the progress made in the 
khowledge of hypertension and especially of hyperten- 
sive disease has resulted from a combined study of 
clinical work and laboratory research The newer 
methods employed to investigate the changes both in 
renal function and in renal hemodynamics are intricate 
and may be confusing to any one unacquainted with 
them Hpwever, the authors have explained these newer 
procedures m an adequate and simple manner 
The mam part of the book deals with the evolution 
of the functional changes in the course of hypertension 
and hypertensive disease The authors’ concept of the 
genesis of hypertension, with special reference to the 
role of the kidneys, is given From their investigations, 
they point out that the relationship between ischemia of 
the kidneys and hypertension is not the simple and 
direct cause and effect relationship that one would be- 
lieve from experimentation with animals Their con- 
clusions are based not on research on animals but on 
a study of hypertensive persons They believe that renal 
ischemia is one of the sequelae of hypertension and not 
a cause 

The renal genesis of hypertension in man can be 
accepted only in cases m which a pathologic process, 
such as diffuse glomerulonephritis, polycystic renal dis- 
ease or atrophic pyelonephritis, involves both kidneys 
In their study of hypertensive patients, they used 
quantitative measurements of effective renal blood flow, 
filtration rate and maximal tubular excretory capacity 
The earliest changes that occur in renal function and in 
renal hemodynamics are reduction in the maximal 
tubular excretory capacity, an associated reduction m 
renal blood flow and an increase in the filtration fraction 
Such functional tests as those of urea clearance and of 
excretion of phenolsulfonphthalem are not altered in this 
early phase 

Changes that occur m the heart, the bram, the eye- 
grounds and the kidney are taken up and evaluated from 
the clinical standpoint 

A satisfactory amount of space is devoted to treat- 
ment For any one looking for the authors’ favorite 
prescription or method of treatment, there will be dis- 
appointment Treatment is divided into medical, sur- 
gical and special measures The authors’ attitude from 
the therapeutic standpoint is rather nihilistic but prob- 
ably deservedly so They have no confidence in potas- 
sium thiocyanate as a therapeutic drug, opposing it 
chiefly on the grounds of the serious toxic complications 
which may develop They believe that surgical opera- 
tions, such as sympathectomy and similar procedures, 
have little or nothing to offer They do, however, 
emphasize the importance of and the good results ob- 
tained from use of psychotherapeutic measures The 
value of renal extract is believed to be uncertain 


This book is well written and easy to read An intern, 
surgeon, urologist or any other person interested m 
hypertension will find an excellent discussion of the 
subject m this book In the reviewer’s opinion, the 
lessons contained in the book confirm the idea that the 
clinical study of hypertension cannot be separated from 
the more elaborate investigations carried out in the 
laboratory Both must be integrated for a complete 
study of the disorder 

This is the first book of its kind which integrates the 
clinical and investigative phases of hypertension, and 
it is an important and excellent contribution to the 
subject 

Trichinosis By Sylvester E Gould, M D Price, $5 

Pp 322, with 128 illustrations Springfield,. Ill 

Charles C Thomas, Publisher, 1945 

The relative frequency of infestation of the adult 
population with Trichinella spiralis has been readily 
demonstrated by postmortem surveys The relatively 
infrequent incidence of clinical trichinosis must result, 
therefore, from our failure to recognize sporadic cases, 
as it can manifest itself frequently with unusual symp- 
tomatology 

A complete treatise on this disease is a valuable con- 
tribution to qurrent medical literature This is a well 
written work embodying several interesting features, 
including historical aspects, parasitology, pathology, epi- 
demiology, clinical aspects, 'treatment and control mea- 
sures One must call special attention to the section on 
the morphology of Trichinella spiralis, which includes 
several excellent illustrations and magnifications of 
microscopic studies 

In the section on epidemiology stress is placed on the 
pernicious practice of feeding pigs uncooked garbage 
containing scraps of raw trichmous pork, thus maintain- 
ing the pig as a reservou for further human infection 
The cycle then continues when uncooked or undercooked 
trichmous pork or pork products ate eaten 

In his chapter on control measures, the author out- 
lines how this cycle of transmission of infection might 
be attacked at several vulnerable points first, by not 
permitting the feeding of swine with uncooked garbage , 
then, by encouraging proper inspection of pork and 
pork products, and, finally, by educating people to the 
fact that pork which is pink has not been sufficiently 
cooked and that pork which is not thoroughly cooked 
should not be eaten 

In the section on symptomatology it is pointed out 
that the varied clinical picture of trichinosis is only a 
reflection of the widespread distribution of parasites m 
the body, although generally the phases of the disease 
may be classified as the intestinal stage, the stage of 
muscular invasion and the stage of convalescence Not 
infrequently the onset may be respiratory in nature, 
with coryza, cough and dyspnea Neurologic symptoms 
which are common are supraorbital headache, vertigo, 
tinnitus and insomnia Related to the involvement of ; 
the cardiovascular system is generally myocarditis, 
which may appear as early as the second week Tins: 
is probably on a toxic basis, since the larvae of- 
Trichinella spiralis have never been found to be encvsted: 
within the heart muscle The sjmptoms are substernal 
or precordal pain, tightness m the chest, shortness of 
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breath and palpitation An important differentiation 
must be made between the edema of myocardial failure, 
which appears between the fourth and the eighth week, 
and the edema of the muscles of inflammatory origin, 
which will have begun to subside or will have dis- 
appeared by that time 

This book, complete in every detail, remains readable 
throughout It includes a comprehensive bibliography, 
which enhances its value as a reference work 

Hipertension arterial nefrogena By Eduardo 
Braun-Menendez and associates Price, not given 
Pp 475, wuth 93 illustrations Buenos Aires, Ar- 
gentina Librerfa y Editorial “El Ateneo,” 1943 

In this book the authors give a review’ of their own 
experimental investigation and clinical experience, a 
digest of most of the modern works of other investi- 
gators and a comprehensive picture of the whole problem 
of arterial hypertension Through their own experiences, 
they are well prepared to w’rite a book such as this 
The main part of the book deals with the genesis of 
renal arterial hypertension in man and m animals The 
writers conclude that hypertension in man is not iden- 
tical with the hypertension found in the experimental 
animal, and they emphasize the anatomic differences 
between the tw : o forms 

Considerable space is devoted to the results of their 
pioneer investigations on renin, hypertensmogen and 
1 hjpertensin In brief, they hold to the theory that renin 
i plus hypertensmogen produces hypeitensin (angiotonm), 
which is responsible for the arteriolar constricting that 
| produces hypertension They discuss the enzjme hjpcr- 
1 tensinase, a substance from the kidney, which destroys 
1 hypertensm and allays arteriolar constriction A care- 
ful account is given of the therapeutic possibilities of 
> their own renal extract containing hypertensinase, and 
cf the extracts of others, such as that of Page 
, A special section of the book is given over to the 
j etiology, clinical features and treatment of renal arterial 
hypertension in man The action of various drugs, ex- 
‘ tracts and other agents used to reduce blood pressure 
is carefully and satisfactorily discussed. 

Surgical procedures, such 'as removal of tumors of 
the kidney and correction of other conditions of the 
j kidney, as well as operations on the adrenal gland and 
; ’ on the sympathetic nervous system, are taken up Like 
| ' most other authors, they believe that operations on the 
I sympathetic nervous system for the control of hyper- 
M tension have limited possibilities 

In this book there is a wealth of information on 
<’ various problems of hypertension as well as a rich 
j ( bibliography It is well written, and there are many 
j valuable illustrations and charts and an excellent page 
, \ of colored photomicrographs This is an excellent book, 

I but it should be of moie value to the investigator of 
hi the problem of hypertension than to the general 
•\ practitioner 
V 

,1 1 _ 

,4 Familial Susceptibility to Tuberculosis Its Ixn- 
!' t portance as a Public Health Problem By Dr 
il-d Ruth Rice Puffer Price, §2 Pp 106, with 9 fig- 
>J ures and 24 tables Cambridge, Mass Harvard 
1 S University Press, 1944 

I This monograph stresses the importance of familial 
i 1 susceptibility m the development of active tuberculosis 
j „ The conclusions are reached by statistical analysis, and 
■ much of the material dealt with has been accumulated 
, * through the Williamson County Tuberculosis Study 


This project was undertaken m Williamson County, 
Tenn, m 1931, with the assistance of the International 
Health Division of Rockefeller Foundation 
It is stated that more persons from families susceptible 
to tuberculosis appear to contract the disease than do 
persons from resistant families and that they ha\e a 
more severe form The suggestion is made that familial 
aggregation of tuberculosis has remained relatively 
stationary and that the decline in the tuberculosis death 
rate is due to a reduction m the proportion of tuber- 
culous families m the population There arc interesting 
observations on the tuberculosis attack rate in children 
of tuberculous parents This rate was high up to age 
30 when the parent wrns knowm to have organisms in 
the sputum In the children of tuberculous parents not 
known to have organisms in the sputum, active disease 
developed later, and by the age of 50 total attack rate m 
the two groups was equal This w’ould imply that with 
less exposure to tubercle bacilli the susceptible person 
contracts the disease later in life The continued de- 
cieasc m the incidence of tuberculosis might account- 
for the relatncly gi eater mortality rate of this disease 
in older age groups which has been observed m recent 
years 

In the chapter on the control of tuberculosis it is 
recommended that, in addition to the examination of 
the household contacts of persons with tuberculosis, the 
parents, siblings and children not m the household be 
followed and examined periodically There is some 
question as to how feasible this would be with members 
of families w’idely scattered An explanation of the 
statistical methods used is included m appendix B The 
book can be read with profit by any phy sician interested 
m the problems of control of tubeiculosis 

The Doctor’s Job By Carl Bmger, M D Price, §3 

Pp 243 New York W W Norton & Company, 

Inc , 1945 

Perhaps the keynote of Dr Bmger’s book is to be 
found in the introduction when he says, “I am setting 
down these thoughts now because I feel the need of 
doing so” In other w r ords, this is a simple, straight- 
forward interpretation of medicine and its problems as 
one man sees them Dr Bmger writes “on his own ” 
He represents no foundation, forum, group or panel 
He speaks for no organized interests of any sort There 
are no political angles to his book None the less, all 
the problems of medicine, so much under debate at the 
present time, are discussed in a sympathetic, w r ell 
reasoned manner Dr Bmger talks about general prac- 
tice and specialization and conceives that some one must 
again take up the burden once borne by the family- 
doctor This man will not do everything himself but 
will "route” the patient to the proper specialists and 
finally will synthesize and interpret the whole situation 
There are chapters on various disorders, usually with 
some emphasis on the psychosomatic aspects, and one 
finds discussions on forms of practice, socialized medi- 
cine and so forth 

In these days when the language is likely to be pretty 
badly abused m medical writing, Dr Bmger’s style is 
a delight Clearness, force and precision-the three 
graces of rhetoric — are set off by those decorations of 
language which, if properly used, add so much to the 
reader's pleasure — the apt quotation, the crisp aphorism, 
the mot piste From the literary standpoint alone this 
book can be enjoyed equally by physician and layman 
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POWDERED STOMACH IN TREATMENT OF FATTY LIVER AND OTHER) 
MANIFESTATIONS OF INFANTILE PELLAGRA 

ITS SIGNIFICANCE WITH REFERENCE TO THE PROBLEMS OF EDEMA AND STEATORRHEA IN INTANTS , 

AND IN ADULTS * 

THEODORE GILLMAN, MSc, MB, B Ch 

AND 

JOSEPH GILLMAN, DSc, MB 

JOHANNESBURG, UNION OF SOUTH AFRICA 


The syndrome which we accept provisionally 
as pellagra m infants is prevalent among the 
non-European children in Johannesburg An 
analysis of the hospital records during the last 
four years has revealed that the death rate among 
children suffering from this disease fluctuates 
between 40 and 60 per cent irrespective of the 
nature of the treatment administered • Even 
vitamin concentrates given parenterally did not 
in any way dimmish this high mortality rate 

The views generally held concerning the causes 
of pellagra 1 seem to suggest that this disease 
is in some way caused by a lack of vitamin B 
complex, especially of nicotinic acid However, 
the failure of vitamins m approximately 50 per 
cent of cases added support to our hypothesis 
that after a variable latent period a disease 
initiated by a dietary deficiency fails to respond 
when the factor whose deficiency is suspected 
to cause the disease is supplied liberally 

The rather complicated clinical picture pre- 
sented by these children obliged us to search for 
that mechanism the disturbance of which could 
account for the edema, steatorrhea and other 
reactions frequently present m this disease In 
a previous study 2 we indicated that the liver 
■was invariably damaged to a greater or lesser 
extent, as shown by the accumulation of abnor- 
mal quantities of fat Irrespective of the clinical 

From the University of the Witwatersrand Medical 
School 

J Inghs, L Friedlander and E Hammar of the 
Johannesburg General Hospital gave assistance 

1 Stannus, H S Pellagra and Pellagra-Like Con- 
ditions m Warm Climates, Trop Dis Bull 33 729 
(Oct ) , 815 (Nov ) 1936 EJvehjem, C A Relation 
of Nicotinic Acid to Pellagra, Physiol Rev 20 249 
(April) 1940 

2 Gillman, T, and Gillman, J Hepatic Damage 
m Infantile Pellagra and Its Response to Vitartnns, 
Liver and Ventricuhn Therapy as Determined by Re- 
peated Lner Biopsies, to be published 


state of the patients or the biochemical findings 
the prognosis was largely determined by the j 
seventy of the hepatic injury, assessed by his- ! 
tologic examination of fragments of liver ob-S 
tamed by the aspiration biopsy technic s ; 

It soon became clear that the disturbances! 
in the functions of the liver perhaps contributed 
m no small measure toward the production of 
many of the manifestations of infantile pellagra 
By means of the aspiration biopsy technic we 
established beyond reasonable doubt that the) 
fatty liver in pellagrins does not result from ‘ 
mtercurrent infections but is one of the mam- 
festations of dietary imbalance j 

Experiments on animals indicated that, while* 
the lack of a specific vitamin from the diet caused j 
a fatty liver, the addition of this vitamin fre- 
quently failed to alleviate this pathologic process 
and m fact, under certain circumstances, even 
intensified the lesion 4 It was also demonstrated 
that the fatty liver produced m animals by the' 
lack of a vitamin could be cured by the addition’ 
of some substance other than the vitamin, namely,! 
methionine 5 

These findings m animals received confirma- 
tion from our studies of the effects of vitamins 5 
on the fatty livers of human infants suffering 
from pellagra We were able to show that m 
infantile pellagrins with intensely fatty hveis; 
vitamin therapy could not reduce the death rate 
or heal the hepatic lesion Even when hepatic 
damage was mild, although the clinical condition 

\ 

3 Gillman, T, and Br> don, J G To be published ' 

4 Handler, P , and Dann, W J Inhibition of Ra4 

Growth by Nicotinamide, J Biol Chem 146 357 (Dec ) 
1942 i 

5 Engel, R W The Relation of B-Vitamms and 

Dietary Fat to the Lipotropic Action of Choline, J Nu- 
trition 24 175 (Aug) 1942 McHenry, E W, and 
Patterson, J M Lipotropic Factors, Physiol Rev 
24 128 (Jan ) 1944 ' \ 
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improved under therapy, the lecovery of the 
liver was slow, and the patients left the hospital 
with residual damage to the liver We dis- 
covered that powdered stomach led to a rapid 
improvement m the clinical condition and simul- 
taneously depleted the fat from the liver 

The fact that powdered stomach, a substance 
not related to any of the known vitamins, was 
able to cure infantile pellagra afforded us an 
opportunity of examining the various mecha- 
nisms involved in the production of several of 
the clinical features of this disease m relation 
to the fatty liver 

The objects of this paper are, firstly, to record 
the clinical and biochemical findings m 23 cases 
of infantile pellagra before and after various 
forms of treatment, secondly, to assess the rela- 
tion between the pathologic changes in the liver 
and the clinical picture, thirdly, to examine the 
factors responsible for the edema and steatorrhea 
prevalent in this disease, and, fourthly, to com- 
ment on the implications of the edema and 
steatorrhea in modifying the course of the dis- 
ease Finally, m view of the similarities between 
infantile pellagra and those other diseases of 
infants and adults characterized by steatorrhea, 
edema and anemia, we will attempt to show that 
all these diseases, though differently caused, 
probably follow the same course once the steator- 
rhea appears, owing to the disturbance of a 
similar physiologic mechanism 


*1 


MATERIAL 

This report is based on the study of 23 infants 
and children suffering from pellagra who were 
i admitted to the Johannesburg Non-European 
1 Hospital during the summer of 1943-1944 and 
c the autumn of 1944 

< Aspiration biopsies of the liver were pei formed 
ton all these patients within a few hours of admis- 
sion, and whenever possible blood was withdrawn 
Tor hematologic, biochemical and serologic exam- 
ination For 9 patients who passed bulky fatty 
c stools estimations of the water and of the split 
1 -and unsplit fat content were made Examina- 
tions of urine were made m every instance to 
P exclude severe renal damage 

Full clinical records of the history of the 
disease, diet and clinical signs were kept The 
children were weighed on admission and daily 
thereafter during their stay m the hospital 
The first 7 patients were treated with vita- 
mins orally and parenterally according to the 
S1 details listed m the table The next group of 
^7 were given injections of 5 cc of liver extract 
' t jnch m the Cohn (anti-pernicious-anemia) frac- 


i I 


tion 0 twice daily for ten days The thud gioup 
of 9 patients received 10 Gm of powdered stom- 
ach 7 orally, together with 5 cc of tenth-nojrmal 
hydrochloric acid once daily In view of the 
shortage of the drug, treatment with powdered 
stomach could be continued for only five days 
All patients were fed a liberal diet 
Biopsy of the liver was performed on all the 
patients every seven to ten days after admission, 
and comparisons were made of the clinical prog- 
less arid the changes m the histologic appeal - 
ance of the liver 

CLINICAL FEATURES 

ft 

The syndrome which was seen m the Johannes; 
burg Non-European Hospital and which we re- 
gard as infantile pellagra is characterized b\ 
severe edema, typical cutaneous lesions, labial 
and angular stomatitis, glossitis, diarrhea or stea- 
torrhea, peculiar depigmentation of the skm over 
the entire body and a grayng of the han of 
the scalp with varying degrees of alopecia 
A similar syndrome has been encountered m 
other parts of South Africa 8 but Trow ell Sa was 
the first to suggest that this syndrome called 
by different names w'as probably infantile pel- 
lagra 

Although Trowell 0n and Kark 8d ha\e care- 
fully recorded the majority of the features of 
this form of malnutrition m infants, there aie 
several aspects of this disease which requne 
further amplification, such as the seasonal inci- 
dence, the peculiar manifestations of some of 
the cutaneous lesions and, especially the stea- 
torrhea and the edema m relation to the hepatic 
damage, as revealed by the aspiration biopsy 
technic 

Seasonal Incidence — An analysis of over 400 
cases of infantile pellagra m patients of the 
Johannesburg Non-European Hospital extend- 
ing over a four year period leveals that, while 
the disease occurs throughout the year, the 

6 The preparation used was an injectable lner ex- 
tract (Abbott Laboratories) containing 10 U S P 
units per cubic centimeter 

7 The preparation given was ventricuhn (Parke, 
Davis & Company) 

8 (o) Williams, C D Nutritional Disease ot Child- 

hood Associated with Maize Diets, Arch Dis Child- 
hood 8 423 (Dec ) 1933 (&) Purcell, F M Diet and 

Ill-Health in the Forest Country of the Gold Coast, 
London, H K Lewis & Co , Ltd , 1939 ( c ) Macvicar, 

N Pellagra m the Cis-Kei, South African M J 9 892 
(Dec 25) 1935 (<?) Kark, S L Adult and Infant 

Pellagra in South African Bantu A Comparative Clini- 
cal Study, South African J M Sc 8 106 (July) 1943 

9 (a) Trowell, H C Infantile Pellagra, Tr Roy 
Soc Trop Med & Hyg 33 389 (Jan) 1940, ( b ) Pel- 
lagra in African Children, Arch Dis Childhood 12 193 
(Aug) 1937 
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gieatcst incidence is dui mg midsummci and the 
lowest dunng midwmtei In this respect pel- 
lagia m infants lescmbles the disease m adults 
m Tohannesburg 

Dcj malihs — A descnption of the dermatologic 
leactions m infantile pcllagia has been caicfull) 
lecorded by Trow ell and Kaik 

In out selected series of 23 cases diffuse 
depigmentation associated with patchy pigmenta- 
tion and scaling occurred in 10 patients, while 
in 4 there was uiceiation of the buttocks, geni- 
talia, legs, arms or trunk An unusual and 
hitlieito unrecorded lesion expiessed itself as 
crops of dark brown raised spots on the upper 
^and low'er extremities, especially on the dorsal 
surfaces of the hands and feet These spots 
closely resembled the purpuric eiuption of ony- 
alai, a thrombopemc purpura frequently obseived 
among the patients in this hospital 10 Howevci, 
the bleeding time w r as nonnal, and the subse- 
quent extension of the lesions, followed later by 
cracking and desquamation of the skin in the 
affected areas, left little doubt that these spots 
wane meiely another manifestation of the pel- 
lagrous rash 

In severe infantile pellagra the exfoliation of 
the skm may be so extensive and so acute that 
laige portions of the body are denuded The 
exposed areas aic raw-, red and oozing and fre- 
quently become secondarily infected These 
septic W'ounds are associated with such seveic 
collapse that they have repeatedly been mistaken 
foi severe burns oi scalds 

Tongue — The raw r , red beefy tongue of adult 
pellagrins is not seen m infants, instead the 
tongue is smooth and atrophic A common 
phenomenon in adult pellagnns is an infiltration 
of the papillae on the tip, doisum or sides of 
the tongue with black pigment This has occa- 
sionally been lecorded among colored races and 
has been regarded as a congenital abnormality 
oi as a consequence of parasitic infections 11 
Kark regarded pigmentation of the tongue as a 
type of pellagrous glossitis We have actually 
seen this pigment appearing during the healing 
of the raw, beefy tongue or of the magenta red 
tongue in avitaminosis We are satisfied that 
this lesion is not a congenital abnormality, espe- 

10 Stein, H B , and Miller, E Acute Thrombo- 
cytopenic Purpura Associated with Hemorrhagic Bullae, 
with Special Reference to Onyalai, South African J M 
Sc 8 1 (Feb ) 1943 

11 McGregor, L The Significance of the Butterfly 
Sign and of Tongue Pigmentation, Tr Roy Soc Trop 
Med & Hyg 30.482 (Jan) 1937 Sundaram, S IC 
The Butterfly Sign and Pigmentation of the Tongue, 
ibid 30-482 (Jan ) 1937 


I 

cialty since we have nevei obseived it m childien J 
undci 10 yeais of age 1 

As we have aheady indicated, iron pigment 
fin st appeals m consideiable quantities m liveis 
damaged by acute oi long-standing chronic mal- 
nulntion in childien over 9 yeais of age 12 It 
is at this time, too, that the tongue also becomes 
pigmented The metabolism of iron pigment 
undeigoes a ladical change at this age peiiod * 
(8 to 10 yeais), so that some forms of acute 
and chronic malnutiition may lesult m such a 
distui bailee of mti acellular metabolism m vanous 
organs and tissues in the body that lion-con- 
taining pigment is deposited in the hepatic cells 
and m the tunica piopna of the tongue We 
have already indicated that iron pigment de- 
posited in the cells of the hvei does not anse 
directly {torn destiuction of blood but is foimed 
in the cell itself 12 

Edema — Edema of vaiying severity can be 
icgarded as a constant finding in infantile pel- 
lagnns It was present in 27 out of 29 patients 
desenbed by Trow r ell, Pn and in 20 of 34 patients 
icported on by Kaik the edema appeared m a 
seveie foim In oui senes 21 patients manifested 
vanous degrees of edema In nature and dis- 
tribution this edema is similar to that descubedj 
by Trowell, except that we ne\er saw the edema, 
abate bcfoie death and that in some boys the), 
edema of the penis and prepuce u f as so seveie 
that the geneiahzed edema w r as attributed to 
ienal failure lesultmg fiom a seveie and pio- 
longed paiaphnnosis Befoie the disease was 
iecogni7ed in this hospital as infantile pellagra, 
cncumcisions w'ere frequently performed to re- 
lieve what w'as then icgarded as a urethial 
obstiuction Many of these operations w^eic 
attended by fatal lcsults 

Lwci — Although one of the most consistent ) 
conditions seen at autopsy m children dying fiomn 
seveie nutritional edema is an intensely fatty'" 
hvei, nn it is geneially thought that this fatty 
change w^as a teimmal event oi the result ofl 
an intercun ent infection ) 

By means of the aspnation biopsy technic, I, 
w f e have established that a fatty livei is the' 1 
most constant single pathologic reaction seed 
m infantile pellagia It appears early m the 
disease and, as we shall indicate later, probably, 
plays an impoitant pait in modifying the couise 1 
of the disease Even with the mildest symptoms, 1 ' 
we haie nevei failed to find some degiee oiV 
fatty change in the liver Although the extent 

12 Gillraan, T, and Gillman, J The Mitochondrial' 
Origin of Cystosidenn (Iron Pigment) in the Liver" 
Cells of Pellagrins, Nature, London 154 148 (July 29)" 
1944 !’ 



66 


ARCHIVES OF INTERNAL MEDICINE 


of the fatty change in the liver varied from case 
to case, we have found that the degree of accu- 
mulation of fat is a more reliable indicator of 
the severity of the disease and of the prognosis 
than any of the clinical or biochemical findings 
Thus, for example, in case 1 (described in the 
table) the clinical picture suggested a mild 
deficiency disease, whereas the biopsy revealed 
a severe lesion This case terminated fatally 

In a previous communication we grouped the 
different degrees of hepatic damage into three 
categories 2 In the first we included those livers 
m which almost all the cells contained single, large 
fat globules, m the second, the livers were less 
severely damaged and the fat occurred either 
as smaller globules staining more intensely with 
sudan IV (scarlet red) than in the first category 
or as diffusely distributed, multiple fine droplets 
Many cells did not contain any fat In the last 
category the fat was present in the form of fine, 
scattered droplets and then in only a few cells 

Our previous studies demonstrate that chil- 
dren with livers of the third category usually 
recovered after any form of rational therapy 
irrespective of the severity of the clinical pic 
ture, whereas the patients with livers of the 
first and second category frequently died unless 
treated with liver extract or, better still, with 
powdered stomach Recovery was always ac- 
companied by a diminution in the fat content 
of the liver 

The accumulation of fat causes an enormous 
enlargement of the individual hepatic cells It 
was to be expected therefore that in our patients 
the livers would be enlarged In 18 of 23 cases 
the liver was distinctly palpable (as shown in 
| the table), and in 15 it extended almost to the 
( umbilicus In 1 instance, however, histologically 
, the liver was included in the first category but 
>' clinically this organ was not palpable 
1 It must be remembered that m some of these 
1 malnourished children the abdomen is so dis- 
J tended that it is impossible to palpate even a 
^ grossly enlarged liver When the liver is pal- 
c pable, its size can be regarded as an extremely 
t valuable evidence in assessing the severity of the 
t disease and in arriving at an accurate prog- 
£ nosis 

j The mam clinical features of 23 cases of infan- 
tile pellagra are summarized m the table It is 
apparent from this table that the clinical features 
and the severity of the lesions may vary from 
case to case Whereas severe and extensive 
edema are frequently associated with severe cu- 
staneous lesions (cases 2, 7, 10, 11, 13, 15, 19), 
^a mild dermatitis may occur despite the presence 
”of severe edema (cases 3 and 18) In view of 


the other signs usually associated with a typical 
case of pellagra, we feel justified in regarding 
as pellagrins the 3 patients in whom the rash 
was absent (cases 1, 5 and 17) However, in 
the cases available to us the most frequent mani- 
festations were a large fatty liver, edema of 
varying severity, dermatitis, angular and labial 
stomatitis and graying of the hair with varying 
degrees of alopecia 

Biochemical Obsemations — Because of the 
difficulties in drawing blood from these emaciated 
or grossly edematous children it was not pos- 
sible to conduct full biochemical studies on all 
the patients recorded here However, hemato- 
logic investigations were conducted in 7 cases 
Hemoglobin estimations were made with the 
Zeiss hemoglobinometer (100 per cent, 16 Gm 
of hemoglobin per hundred cubic centimeters of 
blood) Some degree of microcytic anemia 
was present in all the children examined The 
macrocytic anemia described by Trowell was 
not observed The white cells showed no abnor- 
mality other than a slight leukocytosis with a 
relative lymphocytosis Despite the extremely 
low concentrations of serum proteins encoun- 
tered in many of the patients, the sedimenta- 
tion rate (one hour Wintrobe method) was 
normal 

The serum proteins were in the main reduced, 
the reduction of the albumin fraction being most 
noticeable, with a consequent lowering of the 
albumin-globulin ratio 

In 14 of the 23 cases the stools were large, 
pale, fermenting, offensive and greasy In 8 cases 
the stools were examined biochemically The 
results are summarized in the table In 7 cases 
the fat content was excessive, consisting of a 
large amount of split and unsplit fats In view 
of Andersen’s careful studies 13 it is not possible 
on the basis of the nature of the fat m the stool 
to attribute the origin of such a fatty stool either 
to malabsorption or to pancreatic deficiency 
Such fatty stools m infantile pellagra have also 
been reported by Gillan, 14 Trowell 8b and ICark 8d 

RESPONSE TO THERAPY 

Vitamn Theiapy — An analysis of the cases 
of infants with pellagra admitted to the Johannes 
burg Non-European Hospital during the last 

13 Andersen, D H Cystic Fibrosis of the Pancreas 
and Its Relation to Celiac Disease A Clinical and 
Pathologic Study, Am J Dis Child 56 34T (Aug ) 
1938 , Cystic Fibrosis of Pancreas, Vitamin A Deficiency 
and Bronchiectasis, J Pediat 15 763 (Dec ) 1939 

14 Gillan, R V Investigation into Certair Cases 
of Oedema Occurring Among Kikuyu Children and 
Adults, East African M J 11 88 (June) 1934 
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four years reveals a 40 to 60 per cent mortality 15 
— and this despite the administration of both 
vitamins and a full diet Our own studies indi- 
cate that, no matter how severe the clinical mani- 
festation of the disease, provided the livei is 
not severely damaged the patients will recover 
on any form of rational therapy The greatest 
difficulty presented by these children is their 
loss of appetite Provided they take their feed- 
ings they usually recover, albeit slowly In the 
presence of seveie hepatic damage the response 
to vitamin therapy is erratic and most unsatis- 
factory This is the experience of Youmans 
and associates 16 and Trowell 9 It is our im- 
pression from the cases recorded here that mas- 
sive doses of vitamins administered orally or 
parenterally tend to hasten the progress of the 
disease All of the 7 patients treated with 
vitamins during this study died In many we 
observed the desquamation of the skin follow- 
ing the administration of nicotinic acid, but the 
patients still died Similar results with nicotinic 
acid therapy have been recorded by Trowell 
Vitamin therapy failed to improve the liver, and, 
in view of the experimental evidence presented 
by Handler and Dann 4 in animals and our own 
observations on human infants, it would appear 
that the administration of massive doses of nico- 
tinic acid and other crystalline vitamins is con- 
traindicated m cases of severe infantile pellagra 

Live) Therapy — Our results with liver ther- 
apy were considerably better than those with 
vitamins Five of the 7 children lived 

The first sign of recovery was the gradual 
loss of edema fluid The child looked brighter 
after two to three days’ therapy, and the appe- 
tite improved After five days’ treatment the 
oral lesions commenced to heal, and the skin 
started peeling 

i The liver improved more slowly than the 
clinical condition, and even at the end of three 
to four weeks when the children were dis- 
charged as clinically normal, there was a con- 
siderable degree of residual liver damage as seen 
jiistologically from the biopsy specimen 
I \ In view of the 2 deaths of patients treated 
I jvith liver extract and of the slow response in 
I 'hose children who recovered, we did not con- 
1 -tider that liver therapy was entirely satisfactory 
I Several other methods of therapy have been 
! ned Blood and serum transfusions weie of 

j 

j 15 Gillman, T Diet and Disease in Bantu Children, 
J south African J M Sc , to be published 
J s 16 Youmans, J B , Bell, A , Donley, D , and Frank, 
„ H Endemic Nutritional Edema Serum Proteins 
r nd Nitrogen Balance, Arch Int Med 51 45 (Jan ) 
1 1 933 


no avail One patient, a child of 9, was treated 
with 150 to 200 Gm of fresh, raw, mmced beef 
pancreas daily This was administered through 
a gastric tube The method is cumbersome and 
tedious, and, although we persisted with this 
treatment for two weeks, the response was very 
slow The liver underwent considerable improve- 
ment during the first ten days but showed no 
change thereafter despite the continuance of 
therapy The edema, too, improved slowly The 
response to raw pancreas as seen in this single 
case was similar in many respects to that obtained 
with large doses of liver extract administered 
parenterally 

Tieatment with Powdered Stomach — In a 
previous paper we demonstrated that powdered 
stomach has a remarkable lipotropic action on 
the fatty livers of infantile pellagrins Coincident 
with the rapid disappearance of fat from the 
liver there was also a remarkable improvement 
in the clinical picture 

Within twenty-four to forty-eight hours of 
the exhibition of dried hog’s stomach there was 
a sudden loss of edema fluid Eyes which were 
previously occluded by edema opened overnight 
The edema of the limbs and genitalia disap- 
peared so rapidly that the children frequenth 
lost between 1 and 3 pounds (454 to 1,307 Gm ) 
in weight m twenty-four to forty-eight hours 
The cutaneous and oral lesions healed surpris- 
ingly quickly, and within three to four days of 
the first dose of powdered stomach the skm 
commenced to desquamate, and within seven to 
ten days the skm appeared normal The diar- 
rhea and steatorrhea ceased within two to three 
days The children rapidly lost their peevishness 
and irritability, they regained their appetites 
and ate well and on clinical grounds could be 
regarded as cured within ten to fourteen days 

As we have already shown, the livers recovered 
rapidly and were almost normal when the pa- 
tients were discharged 

Although powdered stomach was administered 
for only five days, the improvement continued 
after therapy was suspended We feel convinced 
that had it been possible for us to continue our 
treatment for a few more days even the small 
amount of fat remaining in the liver would have 
been completely removed and recovery might 
have been even more rapid In view of our 
lesults we have no hesitation m regarding pow- 
dered stomach as a life-saving drug in the treat- 
ment of severe infantile pellagra The rapid 
improvement m the clinical condition and the 
nervous symptoms as well as the almost imme- 
diate loss of edema fluid and the cessation of 
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the diai rhea and steatorrhea move us to suggest 
that powdered stomach may be of consideiable 
value m the treatment of allied diseases m infants, 
especially celiac disease and other steatoi rheas, 
nutritional edemas, infantile atrophy and pink 
disease Our reasons for this opinion will be- 
come patent fiom the following comment 

COMMENT 

The syndrome of infantile pellagra described 
by Trow ell and latei by Kark and confirmed by 
our own study is w idely prevalent in Africa 17 
There are several other diseases of unknown 
cause m which many of the features are indis- 
tinguishable from those seen in infantile pellagra 
The most striking in children are celiac disease, 18 
infantile atioph), 10 cystic fibrosis of the pan- 
el eas 13 and nututional or w'ai edema 20 Among 
adults, sprue and idiopathic steatorrhea 21 are 
also characterized by bulky fatt) stools, edema 
and post mortem, by a fatty liver 

Although the causes of all these diseases aie 
unknown, the diseases have one feature in com- 
mon — the) all improve to a variable extent after 
tieatment with liver extract 22 In recent yeais 
it has been suggested that a nutritional imbalance 
is directl) or indirectly responsible for the initia- 
tion of these diseases 23 

The evidence available leaves little doubt that 
infantile pellagra is an expression of severe mal- 
nutrition This disease may become manifest 
ii soon after the children are weaned and can be 
i elated to the inadequate diet However, once 
the disease is established it responds erraticalh 
to dietary treatment The failure of vitamin 

17 Kark Trowell 9 

18 (a) Parsons, L G Celiac Disease, Am J Dis 
Child 43 1293 (May) 1932, ( b ) Coeliac Disease, in 
Parsons, L G , and Barling, S Diseases of Infancv 
and Childhood, London, Oxford Universitiy Press, 1933, 
vol 1, p 363 

19 Maitland-Jones, A Infantile Atrophy, in Par- 
sons, L G and Barling, S Diseases of Infancy and 
Childhood, London, Oxford University Press, 1933, vol 
1, p 363 

20 (a) Waring, J I Nutritional Heart Disease in 
Children, Am J Dis Child 55 750 (April) 1938 
( b ) Gounelle, H , Marche, J, and Bachet, M The 
Blood Protein in Famine Oedema, Nutrition Abstr & 
Rev 12 611 (April) 1943 

21 (a) Manson-Bahr, P The Dysenteric Disorders, 

ed 2, London, Cassell & Company, Ltd, 1943 (6) 

Molina, R R Sprue in Puerto Rico A Clinical 
Study of One Hundred Cases, Puerto Rico J Pub 
Health & Trop Med 17 134 (Dec ) 1941 , (c) Sprue 
m Porto Rico — Ten Years Later, ibid 18 314 (March) 
1943 

22 Parsons 18b Maitland-Jones 19 Manson-Bahr 2111 
Hamilton-Fairley, N Tropical Sprue, m Rolleston, 
H British Encyclopaedia of Medical Practice, Lon- 
don, Butterworth & Co , Ltd , 1939, vol 11, p 419 

23 Parsons 18 ’> Manson-Bahr 21n 


therapy of this disease is being recognized by , 
an increasing number of investigators 24 From 
our careful study of the reactions of the liver 
during theiapy with vitamins, liver and pow-, 
dered stomach, we are led to conclude that, 
although this disease is initiated by a dietary 
imbalance secondary pathologic changes soon 
supervene and the disease can no longer be allevi- 
ated by a full diet and vitamin concentrates 
The mental symptoms, cutaneous lesions, gloss- 
itis, anemia, edema and steatonhea are in out 
opinion immediately i elated, not to the initial 
malnutrition, but to the secondary pathologic 
processes resulting from attempts by the organ- 
ism to readjust its metabolism to the deficient 
diet 

We have already adduced cogent evidence to 1 
substantiate this opinion from our analysis of 
the response of the fatty liver to therapy 2 This 
view r is strengthened by a critical analysis of 
the origin of the edema and steatorrhea andt 
their disappearance after the administration ofj 
pow'dered stomach [ 

The cause of the extensive edema in infantile 
pellagra, celiac disease, infantile atrophy, nutri- 
tional edema, sprue and cystic fibrosis of the 
pancreas has been the center of much con- 
troversy Some investigators regard this edema 1 
as resulting from severe protein deficiency, 23 ! 
while others consider it to be a manifestation 
of beriberi 20 

It is known that low serum protein levels may 
be attended by edema 27 In infantile pellagra, 
although the seium proteins are often reduced, 
the extent of this reduction by no means bears 
any relation to the extent or the severity of 
the edema In case 1 , with a total serum pi o- 1 
tem content of 3 Gm per hundred cubic centi- 1 
meters there was only a mild edema of the feet!, 1 
and ankles In case 9, on the other hand, there! 
was an extensive edema of both upper and lower , 
extremities, and the eyes were completely closed! 
by the edematous eyelids The total serum pro-j 

24 Trowell 9n Youmans, Bell, Donley and Frank 18 , 
Normet, L Report on the Pathogenesis of the Oedema 1 ' 
of Annam and Deficiency Diseases, Bull Acad de med 1 
Pans 117 239 (Feb ) 1937 

25 Lin, S H , Chu, H I , Wang, S H , and Chung, 

H L Nutritional Edema, Chinese J Physiol 6 73 
(Feb 15) 1932, cited by Trowell 0a ji 

26 Wheeler, G, in discussion on Youmans, J B 1 
Endemic Nutritional Edema m Tennessee Public 
Health Problem, South M J 26 713 (Aug ) 1933 

27 Weech, A A , and Ling, S M Relation o: 

Serum Proteins to Occurrence of Nutritional Edem^, 
and to the Effect of Inorganic Salts, J Clin Investi- 
gation 10 869 (Oct ) 1931 Lepore, M J Edems' 
Produced by Plasma Protein Depletion (Plasmapher 1 
esis), Arch Int Med 50 488 (Sept) 1932 1 
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tem content in this patient (4 7 Gm per hun- 
dred cubic centimeters) was almost within the 
lowei limits of normality, the albumin moiety 
' being almost identical with that m case 1 This 
, lack of correlation between the level of the serum 
proteins and the severity of the edema m mal- 
nutrition substantiates the views of Youmans 
and associates 16 and of Gounelle, Marche and 
Bachet 20b 

It is known that the liver plays an important 
direct role in water metabolism quite apart from 
•its effects on serum protein 28 Selye, Collip and 
'Thomson, 29 m a series of carefully planned 
experiments, have shown that intravenous injec- 
tion of isotonic solution of sodium chloride into 
partially hepatectomized rats leads to the develop- 
I ment of a diffuse edema associated with the 
i accumulation of fat m the residual portion of 
the liver If a venesection is performed on these 
; partially hepatectomized animals that have been 
| given transfusions, the edema can be prevented, 

! although some fat still appears m the liver 
| Moreover, they demonstrated that partial hepa- 
! tectomy inhibits the diuresis which invariably 
| followed the transfusion of saline solution m 
;j normal animals It follows from these experi- 
i ments that the administration of fluids to animals 
ivith hepatic insufficiency leads to visible dis- 
i turbances in the surviving portions of the liver 
and impairment of renal function associated 
, with severe edema These experiments indicate 
: hat the liver is directly concerned in water 
f netabolism and that the disturbances in water 
netabolism in hepatic disease may m themselves 
aggravate the initial lesion m the liver 

This evidence from experimental work m am- 
jnals as well as our observations on children 
(Uffenng from infantile pellagra throws new light 
in the cause of the edema in malnutrition 

We have established in our previous study 
;hat the liver in infantile pellagra can be almost 
ivascular The sinusoidal bed is virtually oc- 
cluded, the portal veins are small, and it was 
Vith the greatest difficulty that we were able 
jo identify even the largest radicles of the hepatic 
. 'em Judging from the degree of avascularity, 
j jt appeared m many instances as if the infant 
( i'ere almost hepatectomized The vascular bed 
i 4 

{ 28 Adolph, E F , Gerbasi, M J , and Lepore, M J 
, edistribution of Water Following Transfusions and 
( nfusions, Am J Physiol 107 647 (March) 1934 
■j .randall, L A , and Roberts, G M Increased Water 
I xchange Following Eck Fistula in Dogs, ibid 117 
I 18 (Oct) 1936 

* s 29 Selye, H , Collip, J B , and Thomson, D L 
^ r ome Interrelations Between Water and Fat Metabolism 
r Relation to Disturbed Liver Function, Lancet 2 297 
J t Aug 10) 1935 


of the normal liver is enormous In preliminary 
experiments which we have conducted with adult 
livers we have demonstrated that the large 
hepatic veins are capable of holding at least 
500 cc of fluid Moreover, by mjectional meth- 
ods we have established that the vascular bed 
of the normal adult human liver may, without 
distention, accommodate over 800 cc of fluid 
When the vascular bed of the liver becomes 
occluded, as in infantile pellagra, the volume ol 
blood which would normally be contained m 
hepatic vessels must now 1 be displaced into the 
systemic circulation This addition to the cir- 
culating blood volume in the absence of normal 
renal function probably contributes to the dis- 
placement of fluid into the tissues 

Jones and Eaton 30 have recorded the occui- 
rence of a diuresis w'hich precedes by several 
days other signs of recovery from hepatic dis- 
ease Under treatment with powdered stomach 
the liver of an infantile pellagrin improves in a 
remarkable fashion 2 This improvement is asso- 
ciated with a rapid diminution m the edema 
resulting from a diuresis, which may lead to 
loss of 20 ounces (566 Gm ) of body weight 
in forty-eight hours The rapid diuresis which 
heralds the sudden recovery of patients treated 
with powdered stomach suggests that the im- 
provement in the liver is associated with the 
reestablishment of conditions conducive to renal 
function In view of all this evidence there seems 
little doubt that the edema m infantile pellagra 
is intimately related in an inexplicable fashion 
to the extensive hepatic damage which we have 
demonstrated to be a constant feature in this 
disease 

The rapid subsidence of the edema with treat- 
ment with powdered stomach indicates that the 
stomach too, in some way, plays an important 
part in water metabolism Petri and associates 31 
noted the occurrence of edema in gastrectomized 
young swine Since the stomach is almost in- 
variably implicated to a greatei or lesser extent 
m pellagra 32 and since, as tve shall see latei 

30 Jones, C M , and Eaton, F B The Prognostic 
Significance of Spontaneous Diuresis m Acute and 
Subacute Disease of the Liver, New England J Med 
213 907 (Nov 7) 1935 

31 Petri, S , Norgaard, F , and Bing, J Patho- 
logical Changes Produced by Gastrectomj in Young 
Swine, Am J M Sc 195 717 (June) 1938 

32 (a) Flinker, R The Function of the Stomach 

in Pellagra, Arch f Verdauungskr 57 282 (Mav) 
1935 ( b ) Rubio, D M Studies m Pellagra I The 

Gastric Secretion, Trop Dis Bull 40 79 (Jan ) 1943 
(c) Gillman, T Critical Evaluation of Neutral Red 
Excretion and Acid Secretion Tests of Gastric Function 
in the Normal and in Subjects with Gastric Disorders, 
Gastroenterology 3 188 (Sept ) 1944 
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the interference with gastnc function may modify 
the course of infantile pellagra and other dis- 
eases, the importance of this organ in the main- 
tenance of normal water metabolism and the 
role of gastric dysfunction in the production of 
edema cannot be overlooked 

From the foregoing it is apparent that there 
is an intimate interrelationship between the 
stomach, the liver and the kidney m the main- 
tenance of normal water metabolism The fact 
that edema is a much more constant feature in 
infants than in adults suffering from pellagra 
implies that the mechanism regulating water 
metabolism is more sensitive in children than 
in adults McCarrison 33 has shown that young 
animals are much more liable to edema when 
malnourished than adults on the same diet In 
this connection it is noteworthy that it is much 
more difficult to induce damage to the liver 
with mealie pap and sour milk m old than in 
young rats , 34 and our aspiration biopsy studies 
of pellagrins have revealed a notable difference 
in the nature and severity of the pathologic 
process in the livers of adults as compared with 
those of children 35 

Another feature of infantile pellagra is the 
frequent occurrence of steatorrhea The appear- 
ance of large quantities of split and unsplit fat 
m the stools is common to a number of other 
diseases The factors responsible for steatorrhea 
are still unsettled 

In a series of excellent leviews Parsons has 
repeatedly emphasized that "the probable ex- 
planation of celiac disease lies in a change of 
physico-chemical nature in the absorptive mech- 
anism of the intestine ” 18a This view has re- 
cently been reaffirmed both for celiac disease 
and for sprue 30 The flat blood fat curves 
repeatedly recorded for patients with these dis- 
eases 37 may, in our opinion, be as easily ac- 
counted for by an increased tolerance for fat 
as by a deficient absorption of it Moreover, 
the fat balance curves published by Parsons 183 
indicate that patients suffering from celiac 

33 McCarrison, R Studies m Deficiency Disease, 
London, H Frowde, 1921 

34 (a) Gillman, J , Gillman, T , Gilbert, C , and 
Mandelstam, J The Production of Severe Hepatic 
Injury in Rats by Prolonged Feeding of Maize-Meal 
Porridge (Mealie-Pap) and Sour Milk, to be published 
( b ) Gilbert, C, and Gillman, J Diet and Disease in 
the Bantu, Science 99 398 (May 19) 1944 

35 Gillman, J , and Gillman, T Liver m Pellagra, 
Lancet 2 161 (July 29) 1944, footnote 2 

36 Stannus, H S Sprue, Tr Roy Soc Trop Med 
& Hyg 36 123 (Nov ) 1942 

37 Parsons 18a Adlersberg, D , and Sobotka, H 
Fat and Vitamin A Absorption in Sprue and Jejuno- 
lleitis, Gastroenterology 1 357 (April) 1943 


disease are capable of absorbing considerable 
amounts of fat However, both m celiac disease ! 
and in sprue signs of vitamin deficiency as well I 
as edema frequently become manifest Tetany, 
commonly observed m celiac disease, has also 
been descubed by Drewe m malnourished Afri- 
can children suffering from steatorrhea 38 Par- , 
sons concluded that whether or not the disease J 
is initiated by avitaminosis “there can be no 
shadow of doubt that a defect, not m supply, 
but m the absorption of vitamins resulting from 
the impaired alimentary absorption is the cause 
of many of the most characteristic symptoms of ] 
the disorder ” 1 

Blackfan and Wolbach 39 have described the 
occurrence m children of fatty livers and cystic 
fibrosis of the pancreas m association with evi- 
dence of vitamin A deficiency Later Andersen 
reported similar changes in infants and chil- 
dren 13 She emphasized the invariable associa- 
tion of cystic fibrosis of the pancreas and was f 
undecided as to whether the primary cause of i 
the steatorrhea was a vitamin deficienc} or the ' 
pancreatic lesions 

Judging from clinical and experimental evi- 
dence, we are of the opinion that steatonhea can j 
be initiated by a dietary imbalance and is not 1 
necessarily due to a disturbance m absorption 
of fat Experimentally we have demonstrated 
that rats fed on mealie pap and sour nnlk com- 
monly have cystic changes of the pancreas sim- 
ilar to those described and portrayed by Ander- 
sen in children 1S In our dietary expei iments 
the rats also were found to have fatty livers 34a 
Whereas Andersen was unable in her human 
subjects to ascertain the sequential relations 
between the fatty liver and the pancreatic lesjon, 
we can state with assurance 34b that in rats the 
fatty liver precedes by many months the cystic 
changes in the pancreas 40 

Clinically there seems little doubt that infan- 
tile pellagra is directly attributable to malnutri- 
tion From our careful analysis of the diets of 
our patients, as well as those reported in Trow- j 
ell’s series, it is clear that the fat content of the 
diets is extremely low and is insufficient to 
account for the large quantities of fat excreted 1 
in the feces In these circumstances the stea- 
torrhea m infantile pellagra can be accounted ’ 
for only by an increased excretion of fat In a 

38 Drewe, F Personal communication to the authors 

39 Blackfan, K D , and Wolbach, S B Vitamin A 
Deficiency in Infants A Clinical and Pathological 
Study, J Pediat 3*679 (Nov) 1933 

40 In a single fatal case of severe malnutrition re- . 
cently observed, the pancreas showed the early develop- • 
ment of cystic changes such as we have seen m our rats | 1 
The liver m this patient was grossly fatty 
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previous study 2 we have suggested that the 
accumulation of fat in. the liver and its excre- 
tion m the stool, associated with extreme emacia- 
tion, are an expression of the conversion of 
carbohydrate into fat together with an inability 
of the tissues to utilize this fat 

Thus, although infantile pellagra is initiated by 
a dietary imbalance, once the disease has pro- 
gressed to the stage where the fatty liver, stea- 
torrhea, edema and dermatitis become manifest, 
then vitamins fail to improve the conditions of 
a large proportion of the patients The failure 
of vitamins, even when administered parenterally, 
indicates that the factor of absorption is unim- 
portant The organism is apparently incapable 
of utilizing vitamins even when made available 
m large concentrations by parenteral routes 
But, even when vitamins are said not to be 
absorbed from the alimentary tract, powdered 
stomach administered orally is able within two 
to three days to produce such a profound read- 
justment m the metabolism of the diseased organ- 
ism that the diet and vitamins can be effectively 
utilized 

Whereas in infantile pellagra dietary imbal- 
ances lead to the development of steatorrhea, 
this steatorrhea in infantile pellagra, as in celiac 
disease, may m turn be responsible for an intensi- 
fication of the severity of the disease, as expressed 
by disturbed gastric function, macrocytic anemia 
and edema This intensification of the clinical 
picture is probably attributable not so much to 
the malabsorption of essential dietary factors as 
to the hitherto unappreciated subtle changes pro- 
duced by the continuous presence of fat m the 
alimentary tract 

It’ has been known for a long time that neutral 
fat inhibits gastric secretion as well as gastric 
' motility This inhibition results from the contact 
, of neutral fat with the mucous membrane of the 
duodenum, jejunum and large bowel By a 
series of carefully planned experiments 41 a hor- 
mone (enterogastrone) said to be responsible 
for the inhibition of gastric function resulting 
from the ingestion of fat was isolated It is 

1 41 Feng, T P , Hou, H C, and Lim, R K S 
Mechanism of the Inhibition of Gastric Secretion by 
Fat, Chinese J Physiol 3 371 (Oct ) 1929 Kosaka, 
T , Lxm, R K S, Ling, S M , and Liu, A C On the 
Mechanism of the Inhibition of Gastric Secretion by 
Fat A Gastric-Inhibitory Agent Obtained from the 
Intestinal Mucosa, ibid 6 107 (Feb 15) 1932 Ivy, 
A C , and Gray, J S Enterogastrone, m Cold Spring 
Harbor Symposia on Quantitative Biology, Cold Spring 
sHarbor, L I , New York, The Biological Laboratory, 
T937, vol 5, p 405 Babkin, B P Secretory Mechanism 
t of the Digestive Glands, New York, Paul B Hoeber, 
t Inc, 1944 


not inconceivable that the continuous presence 
of fat in the alimentary tract in infantile pellagra 
may lead to the liberation of enterogastrone 
This hormone, m turn, contributes to the partial 
or complete suppression of gastric function We 
have already indicated that the stomach, together 
with the liver and the kidney, is intimately con- 
cerned with water metabolism Any interfer- 
ence with this delicate mechanism might result 
in the production of edema 

It is generally known that the stomach, through 
its intrinsic factor, influences hemopoiesis The 
chronic inhibition of gastuc function by the 
continuous liberation of enteiogastrone m stea- 
torihea might so disturb the gastrohepatic rela- 
tionship as to lead to the macrocytic or microcytic 
anemia so frequently observed m infantile pel- 
lagra 0 Moreover, the apathy, atonia and ano- 
rexia, manifestations of severe malnutrition, can 
also be explained by an impairment of gastric 
function 

Distention of the bowel is known to produce 
profound effects on hepatic function 42 The pro- 
nounced distention of the intestinal tract in 
steatorrheas cannot be overlooked in the light 
of its possibly deleterious effects on the functions 
of the liver 

That infantile pellagrins do not respond to 
vitamins but respond dramatically to powdered 
stomach strongly suggests that the latter prepa- 
ration supplies an essential substance normallj 
elaborated by the stomach, which breaks the 
vicious circle, facilitating m this way the recovery 
of the patient 

The similarities between infantile pellagra and 
other conditions m which steatorrhea, edema, 
cutaneous lesions, anemia, anorexia and fatty 
changes m the liver occur suggest a disturbance 
in the same underlying mechanism Whether 
the initiating factor is the same m all these 
diseases remains to be determined Nevertheless, 
during their evolution a disturbance of fat metab- 
olism eventually occurs Once this disturbance 
becomes manifest, all these diseases seem to fol- 
low a common course m their subsequent evolu- 
tion 

The stages in the emergence of the signs and 
symptoms associated with sprue have been 
graphically described by Manson-Bahr Dys- 
pepsia, followed by the typical gastrointestinal 
disturbances, precedes by months the onset of 
the anemia 21 As m infantile pellagra, so m 

42 Schnedorf, J G, and Orr, T G The Effect of 
Small Intestine Distention upon the Bile and Urine 
Flow Its Possible Relationship to the Hepato-Renal 
Syndrome, Am J Digest Dis 8 303 (Aug ) 1941 
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sprue, the presence of fat in the intestine piob- 
ably induces the foimation of enterogastrone, 
which m turn inhibits gastric activity Judging 
from the length of tune by which the steatorrhea 
precedes the onset of the anemia m sprue, the 
inhibition of gastric function probably continues 
for several months 

Castle and others, 43 from then thorough study 
of sprue, concluded that the macrocytic anemia 
m tins disease is attributable to the inhibition 
of the formation of the intrinsic factor How- 
e\ei, Molma demonstrated the presence of free 
hydrochloric acid in 82 of 100 patients with 
spiue examined If, as we have suggested, 
entei ogastrone is responsible for the inhibition 
of the function of the stomach m steatorrhea, it 
would appear at first difficult to account for the 
dissociation of the activities of the gastric mucosa 

The stomach is known to have at least three 
different types of function, they are the forma- 
tion of gastric juice, the production of the 
intrinsic factor and the excretion of various sub- 
stances, including injected neutral red There 
can be dissociation of the secretory activities of 
the stomach 44 In cases of pellagra, for example, 
free acid may continue to be formed even though 
the stomach is unable to excrete neutral red, 
and vice versa Moreover, m a single classic 
case of tropical sprue Dr Foy and Dr Kondi 
kindly afforded us the opportunity of testing 
the excretory function of the stomach with neu- 
tral red The macrocytic anemia in this patient, 
on the basis of Castle’s finding, was strong 
evidence of an impairment m the formation of 
the intrinsic factor The excretory function of 
the stomach was also impaired, but free acid 
was secreted after histamine had been injected 
Thus m this case the secretion of free acid was 
not grossly impaired, but there was a delay m 
the excretion of neutral red, and the intrinsic 
factor was lacking It is not unlikely, therefore, 
that enterogastrone may cause a differential 
inhibition of gastric function resulting m sup- 
pression either of the formation of the intrinsic 
factor as in sprue or of the secretion of hydro- 
chloric acid as m some cases of pellagra Pro- 
longed inhibition, as in chronic sprue, may 
eventually result m complete suppression of all 

43 Castle, W B , and others Etiology and Treat- 
ment of Sprue, Arch Int Med 56 627 (Oct ) 1935 

44 Gillman, T Excretion of Neutral Red by the 
Gastric Mucosa, A Valuable Test of Gastric Func- 
tion, South African J M Sc 8 50 (Feb ) 1943 , foot- 
note 32c Solovey, E G Excretory Function of the 
Stomach, Dissert, Moscow, 1938, cited by Lourja, 
R A The Excretory Function of the Stomach and 
Its Clinical Role, Acta med U R S S 2 310, 1939 


the functional activities of the stomach Once I 
the steatorrhea is fully established, the disease 
changes its character, and then the edema, ema- ( | 
ciation, anorexia and fatty liver develop as m 
infantile pellagra j 

Since this analysis of the evolution of sprue ! 
and infantile pellagra is applicable to other dis- 
eases in which steatorrhea is a dominating fea- 
tuie, and in view of the beneficial but not 
entirely satisfactory results achieved with crude 
liver extracts, it is justifiable to suggest that 
powdered stomach, so successful m infantile 
pellagra, be substituted for or administered with 
ciude liver extract in the treatment of stea- 
torrhea 

Despite the close relationship known to exist 
between the stomach and the liver, it is interest- 
ing that much greater importance should have 
been attached to liver extracts than to the pun- 
ciples isolated from the stomach only three years 
later Powdered stomach has a remarkable lipo- 
tropic effect on the liver, restores the gastro- 
hepatorenal relationship (as evidenced by the 1 
removal of the edema), benefits the nervous 
and hemopoietic systems in anemias and facili- 
tates the utilization of essential food substances 
with consequent suppression of steatorrhea m 
a severely damaged organism All these im- 
portant effects indicate the necessity for an 
assessment of the active principles of the stomach 
and of their relation to the active principles of 
the liver m the bodily functions connected with 
steatorrhea 

Finally, a significant thesis emerges from this 
and other of our studies namely, that a disease 
at a certain stage loses its connection with the 
initial cause The subsequent course of the 
disease may then be determined by the secondary ' 
pathologic changes Once the disease manifests j 
its altered character, our efforts to break the i 
vicious spiral should then be directed toward ! 
the mainspring responsible for maintaining the j 
disease process and for interfering with the har- 
monious integration of bodily activities This j 
approach may stimulate and direct the search f 
for new forms of therapy for those diseases which j 
hitherto have proved refractory to the present • 
methods of treatment 

i 

SUMMARY 

From a study of 23 cases of pellagra in infants 
and children it was demonstrated that the mam 
clinical findings were a varying degree of edema, » 
dermatitis, angular and labial stomatitis (chei-l 
losis) , graying of the hair with varying degrees] 
of alopecia, steatorrhea and a large fatty liver | ; 
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Histologic examination of fragments of liver 
obtained by aspiration biopsy on the day of 
the patient’s admission revealed the presence of 
’a greater or lesser amount of fat in the liver 
cells The fatty change m the liver was found 
to be a constant feature of infantile pellagra, 
and it was not due to mtercurrent infection as 
was previously believed The degree of accu- 
mulation of fat m the liver proved to be a much 
more accurate measure for predicting the out- 
come of each case than the clinical findings 
No aspiration biopsies were essential m control- 
ling therapy, for it was found that m cases with 
great accumulation of fat in the liver vitamins 
together With a full diet appeared to aggravate 
the condition All the patients in this series 
treated with vitamins died Liver extract and 
especially powdered stomach depleted the fat 
from the liver, and this depletion in turn was 
invariably associated with a dramatic improve- 
ment in the condition of the patient 

Powdered stomach has a vigorous lipotropic 
action in infantile pellagra Five days’ treatment 
'with 10 Gm a day was adequate to allow for 
j a continued depletion of fat from the liver even 
J after treatment was suspended A study of 
the reactions of the liver during therapy with 
vitamins, liver extract and powdered stomach 
[led to the conclusion that, although infantile 
.pellagra is initiated by dietary imbalance, the 
'secondary pathologic changes which supervene 
; cannot be alleviated by a full diet and vitamin 
f .concentrates 

I The edema of infantile pellagra is not related 
; to the level of the serum proteins It was 
i suggested that, at least in infants, the normal 


water metabolism is dependent on a subtle but 
intimate interrelationship of the stomach, liver 
and kidneys The edema m infantile pellagia 
probably results from a disturbance of this gastro- 
hepatorenal mechanism 

In view of the low fat content of the diet, the 
steatorrhea in infantile pellagrins was regarded 
as resulting not from malabsorption of fat but 
rather from an increased excretion of fat into 
the bowel It was concluded that in infantile 
pellagra carbohydrate is converted into fat which 
cannot be utilized The evidence available indi- 
cates that fat continuously present in the bowel 
liberates enterogastrone, which in turn inhibits 
gastric function It is suggested that this chronic 
inhibition of gastric function with the conse- 
quent disturbance in the gastrohepatic relation- 
ship could lead to the macrocytic or microcytic 
anemia, nervous symptoms and edema so com- 
monly associated with steatorrhea 

The similarities between infantile pellagra and 
other conditions in which steatorrhea appears 
early in the disease process strongly suggest that 
once the disturbance in fat metabolism has oc- 
curred, irrespective of the initiating cause, all 
these diseases follow a common course in their 
later evolution 

In view of the rapid cessation of the steatoi- 
rhea and the accompanying general improvement 
in infantile pellagrins treated with powdered 
stomach, it is recommended that this treatment 
be given universal trial for other diseases in 
which steatorrhea is a prominent feature 

Prof Rajmond A Dart gave suggestions for this 
study Miss Winifred Till and Mr Sidney Dry gave 
technical assistance 
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Recent reports indicate that large amounts of a 
cold hemagglutinin appear frequently in the blood 
of patients with primary atypical pneumonia 1 
Apparently, this is not true of patients with other 
common infections of the respiratory tract, such 
as pneumococcic pneumonia, the common cold, 
influenza and pulmonary tuberculosis 2 In view 
of the simplicity of the titration of cold agglutinin 
in the serum, this procedure promises to be of 
value as a practical aid in the differentiation of 
/primary atypical pneumonia from the other com- 
mon types of pneumonia This differentiation 
is often difficult, since no clinical or laboratory 
finding is characteristic of the former syndrome 3 

During the winter and spring of 1943-1944, 
we studied the phemonemon of cold hemaggluti- 
nation in 115 patients with pneumonia, in 25 7 
patients with other infections and in 100 normal 
hospital personnel This was done to evaluate 
further the specificity and significance of high 
titers of cold agglutinin in persons with primary 
atypical pneumonia and to determine whether this 
serologic test is of any use in the detection of 

From the Department of Epidemiology, The United 
States Naval Hospital, Treasure Island, San Francisco, 
Calif 

This article has been released for publication by 
the Division of Publications of the Bureau of Medicine 
and Surgery of the United States Navy The opinions 
and views set forth m this article are those of the 
writers and are not to be construed as reflecting the 
policies of the Navy Department 

1 (a) Peterson, O L , Ham, T H , and Finland, 

M Cold Agglutinins (Auto-Hemagglutinins) in 
Primary Atypical Pneumonias, Science 97 167, 1943 
(b) Turner, J C , Nisnewitz, S , Jackson, E B , and 
Berney, R Relation of Cold Agglutinins to Atypical 
Pneumonia, Lancet 1 765, 1943 (c) Horstmann, D 

M , and Tatlock, H Cold Agglutinins A Diag- 
nostic Aid in Certain Types of Primary Atypical 
Pneumonia, JAMA 122 369 (June 5) 1943 (d) 

Meiklejohn, G The Cold Agglutination Test in the 
Diagnosis of Primary Atypical Pneumonia, Proc Soc 
Exper Biol & Med 54 181, 1943 

2 Siffert, R S , and Krautman, B Cold Hem- 
agglutination Reactions in Tuberculosis, J Lab & 
Clin Med 29 270, 1944 Turner and others lb Horst- 
mann and Tatlock lc Meiklejohn ld 

3 Dingle, J H , and Finland, M Virus Pneu- 
monias II Primary Atypical Pneumonias of Un- 
known Etiology, New England J Med 227*378, 1942 


the earner state and of certain minor infections 
of the respiratory tract with the agent (or agents) J 
causing this syndrome The following is a report 
of our observations on the 472 subjects studied 

i 

f 

NATURE OF COLD HEMAGGLUTINATION 

The phenomenon of cold hemagglutination 
dealt with in this study is due to the action of 
“a non-specific agglutinin capable of producing 
clumping of human erythrocytes, irrespective of 
blood group and usually of certain other heterolo- ' 
gous erythrocytes ” 4 Although activity is great- , 
est at 0 to 5 C and disappears at 37 C , the range 
of temperature in which hemagglutination occurs * 
seems to widen as the concentration of the agglu- 1 
timn increases Apparently, the erythrocytes used ‘ 
in the demonstration of this phenomenon are of , 
fundamental importance, since irregular varia- i 
tions occur m the agglutmabihty of cells of the 
various homologous blood gi oups and of heterolo- 
gous red blood cells (i e rabbit, sheep, etc ) lb 

Cold hemagglutinin has been commonly found 
in normal serums and has been detected m 
large amounts in serums of persons with a 
great variety of diseases, particularly try- 
panosomiasis, hematologic disorders, hepatic 
cirrhosis and, as already indicated, primary 
atypical pneumonia 5 The general significance 
of its presence is unknown There is some 
evidence that cold hemagglutinin is an immune ’ 
body, closely related to seium globulin For a 
detailed review of the general subject of cold 
hemagglutination, the lecent article by Stats and 
Wassermann should be consulted 5 

i 

METHODS 1 ' 

Titrations of the cold hemagglutinin content of the i 
specimens of serum were carried out by the following 1 
method Five cubic centimeters of blood was obtained 
by venipuncture with use of dry syringe and placed in > 
a clean dry test tube The clot was separated at 
room temperature by rimming, and the sample wal, 

4 Wiener, A S Blood Groups and Transfusion 
ed 2, Springfield, 111, Charles C Thomas, Publisher 
1939, p 35 

5 Stats, D , and Wassermann, L R Cold Hem ' 

agglutination— An Interpretative Review, Medicine 22' 
363, 1943 | 
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centrifuged for about ten minutes The serum was 
pipetted off into a clean test tube After serum had 
been taken for the test, the remainder was stored 
without preservative at 5 C No serum was stored 
m the refrigerator unless it had been removed from 
the clot, since absorption of hemagglutinin occurs at 
low temperatures 

Serial dilutions were made of 0 1 cc of the serum 
m isotonic solution of sodium chloride m small test 
tubes The 0 1 cc of serum was added to 0 9 cc of 
saline solution m the first tube, and 0 5 cc of the 
resultant mixture was added to 0 5 cc of isotonic saline 
solution m the second tube and so on A tube contain- 
ing only 0 5 cc of saline solution was kept as a con- 
trol To each 0 5 cc of the diluted serum and to the 
control, 0 2 cc of a 2 per cent suspension of thrice 
washed group O erythrocytes was added, making final 
dilutions of 1 14, 1 28, 1 56, etc The tubes were 
then shaken and refrigerated at 5 C for sixteen to 
twenty hours 

To eliminate unnecessarily long series of dilutions 
with serums containing little or no cold agglutinin, a 
test consisting of three dilutions (1 14, 1 28, 1 56) 
was set up first If the titer reached 1 56, a second 
series of dilutions, from 1 14 to 1 3,584, was set up 
Titers in excess of 1 3,584 were determined with a 
third series of dilutions 

The end point of the titration was the highest dilu- 
tion in which hemagglutination was detectable micro- 
scopically after vigorous shaking to resuspend the 
sedimented erythrocytes After the last dilution in 
which macroscopic agglutination was apparent had 
been noted, the cells m subsequent tubes were observed 
directly with the low power objective of the micro- 
scope, daylight being used as the source of illumination 
At the end point, only a slight amount of hemagglu- 
tination was present, as indicated by occasional aggre- 
gates of 3 to 5 erythrocytes In the absence of 
macroscopic clumping, successive tubes were examined 
microscopically until a perfectly smooth suspension of 
red cells was apparent The control suspension of red 
blood cells m isotonic solution of sodium chloride 
failed to reveal agglutinated (or adherent) red blood 
cells under the described conditions 

The readings were performed quickly at room tem- 
j perature Moisture condensing on the cold test tubes 
was removed by wiping with a clean towel If cold 
agglutination was observed, the cell suspensions were 
I incubated at 37 C for one to two hours to allow the 
disappearance of the agglutination, in order to exclude 
1 agglutinins active at this temperature 
, A high titer of cold agglutinin was indicated by 
the formation of solid disks of cells m the low dilu- 
tions Such disks were fragmented into coarse clumps 
'by shaking With moderately increased titers, the 
disks were easily broken up into finely granular clumps 
I Low titers (up to 1 28) were often discernible only 
with the aid of a concave mirror or with the micro- 
scope 

! Using this method, we found that the end point of 
< the titration varied with the magnification used m 
! reading it and with the time of refrigeration (table 1) 
j Microscopic agglutination was usually present in one 
I or two dilutions higher than the last one m which 
it was detectable grossly Moreover, readings at the 
] end of three hours were one or two dilutions lower 
than those obtained in sixteen to twenty hours Ap- 
- parently the prolonged periods of sedimentation of the 
j cells in the cold increased their tendency to aggluti- 


nate (table 1) It will be noted in the presentation of 
our results that the titers of cold hemagglutinin ob- 
tained by us in normal controls and in patients with 
certain infectious diseases are somewhat higher than 
those reported elsewhere® It is our belief that these 
differences are in all likelihood due to vauations m 
method 

The 2 per cent suspension of human group O cells 
was prepared about every forty-eight hours from citrated 
blood obtained from a small group of donors and 
stored at 5 C The suspensions were made from a 
stock sample of blood kept at 5 C for periods up to 
four days This precaution was taken because of the 
reported observation that red cells exposed to saline 
solution rapidly lose their agglutmability while those 
m contact with plasma do not 6 However, we were 
unable to detect any significant alteration m the agglu- 
tinability of suspensions of red cells used as long as 

Table 1 — Effects of Magnification and Refrigeration 
Time on the End Points of Cold Agglutinin 
Titrations of Human Scrum 


Refrigeration for 3 Hours Refrigeration for 20 Hours 

, A _ - A 


Scrum 

# s 

Macroscopic Microscopic 

f ^ 

Macroscopic Microscopic 

1 

1 224 

1 44S 

1 448 

1 1792 

2 

1 60 

1 112 

1 112 

1 448 

3 

0 

1 14 

0 

1 14 

4 

1 50 

1 112 

1 112 

1 44S 

5 

0 

1 23 

0 

1 2S 

0 

1 14 

1 56 

1 28 

1 112 

7 

1 112 

1 44S 

1 224 

1 890 

S 

0 

0 

1 14 

1 2S 

9 

1 14 

1 28 

1 28 

1 112 

10 

0 

1 2S 

1 14 

1 56 

11 

0 

0 

0 

0 

12 

0 

0 

0 

0 


ninety-six hours after preparation The blood used 
m preparing the suspensions was warmed to room 
temperature, and the cells w r ere washed three times 
in 10 volumes of isotonic solution of sodium chloride 

In this study, no attempt was made to detect cold 
agglutinins in dilutions below 1 14 No effort was 
made to note the agglutmability of the subject's own 
cells by his serum m the cold (autoagglutmation) 

MATERIAL 

The normal subjects were hospital personnel who 
came into contact with patients while working m the 
hospital wards Each was questioned prior to the 
test concerning the occurrence of a recent acute in- 
fection of the upper respiratory tract or other illness 
(within six months), especially pneumonia, chronic 
cough, mumps, measles, scarlet fever, malaria or 
jaundice It was assumed that some of these persons 
had been exposed to primary atypical pneumonia, since 
the disease was a common one m the hospital and 
was encountered from time to time m the hospital 
personnel Only 1 titration was done for each normal 
subject 

The clinical and laboratory data for the patients 
studied were reviewed, and those for whom the diag- 
noses were reasonably well established were included 
in the series (table 2) 

A diagnosis of primary atypical pneumonia seemed 
warranted for 91, or 79 per cent, of 115 patients with 
pneumonia In selecting this group, w r e were guided by 

6 Footnotes 2 and 4 
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the diagnostic criteria outlined in recent articles, 1 par- 
ticularly the mode of onset, the clinical course, the 
results of physical examination, the roentgenographic 
findings, the results of culture of sputum when done 
and the type of responses to sulfonamide drugs when 
given Since none of these criteria are specific, differ- 
ential diagnosis was often difficult 

In the 24 other patients with pneumonia, the disease 
seemed to be of bacterial origin There were 8 with 
lobar pneumonia or bronchopneumonia due to pneu- 
mococci (types 1, 2, 4, 5, 7, 12) , in 1 the disease was 
attributed to the beta hemolytic Streptococcus and in 
1 to Staphylococcus aureus For 14 others, although 
no pathogenic bacteria were found in the sputum, the 
findings suggested lobar pneumonia or bronchopneu- 
monia caused by bacteria In 5 of these 24 patients, 
the disease was complicated by empyema or pleural 
effusion 

On the other hand, in several cases of primarj 
atypical pneumonia m which streptococci (alpha or 
beta hemolytic) were found in the sputum, the organ- 
isms were regarded as the usual flora seen in the 


For persons with other infectious diseases, many of 
the determinations of cold agglutinin were single obser- 
vations made at varying times after the onset of the 
disease In some instances, especially for patients 
with measles and scarlet fever, determinations were 
made at the height of the disease and two or three 
weeks later 

The group classified as having minor infections of 
the respiratoiy tract included patients with acute 
catarrhal fever, acute pharyngitis, acute tonsillitis, in- 
fluenza and acute tracheobronchitis Infections of this 
type have been observed during epidemics of primary 
atypical pneumonia 7c The patients with a diagnosis 
of influenza were seen during an epidemic caused by 
type A influenza virus in December 1943 and January 
1944 In general, the illnesses in this group were of 
short duration, and repeated observations of the cold 
hemagglutinin titer during convalescence were not 
often possible However, the late influence of such 
illnesses on the cold hemagglutinin titer was studied 
in some of the normal hospital personnel, as indicated 
subsequently 


Table 2 — Distnbution of Cold Hemagglutinin Titers in 472 Subjects 


Cold Hemagglutinin Titers 



Sub 

r 






A. 



* * >> 

Clinical Group 

jects 

Tests 

0 

1 14 

1 28 

1 50 

1 112 

1 224 

1 448 

1 89G 

1 1792 1 3584 1 7168 1 14000 

Normal controls 

100 

100 

34 

17 

27 

11 

S 

3 




Primary atypical pneumonia 

91 

254 

11 

S 

S 

8 

10 

G 

5 

13 

7 13 1 1 

Bacterial pneumonias (total) 

24 

91 

5 

5 

5 

3 

o 

4 




Pneumococcic pneumonia 

S 

25 

3 


2 

2 


1 




Pulmonary tuberculosis 

1 

s 

o 


I 



1 




Minor Infections of respirn 












tory tract 

40 

50 

20 

6 

4 

4 

3 

3 




Measles 

24 

36 

3 

4 

5 

4 

4 

O 

i 

1 


Rubella 

9 

9 

3 

1 

3 

1 

1 





Mumps 

37 

40 

17 

10 

1 

G 






Mumps orchitis 

18 

20 


3 

5 

4 

3 

1 


1 

1 

Mumps encephalitis 

2 

2 




1 

1 





Chickenpox 

0 

G 


o 


o 

2 





Acute catarrhal jaundice 

14 

1G 

0 

3 

r> 

O 

i 

1 





Infectious mononucleosis 

7 

15 




i 


1 


3 

1 1 

Scarlet lever 

20 

39 

0 

2 

3 

4 

5 

3 

i 

1 

1 

Rheumatic fever 

22 

30 

7 

7 

4 


1 

2 


1 


Gonorrhea 

23 

23 

5 

4 

7 

4 

2 

i 




Seropositive syphilis 

8 

8 

4 

1 

i 

2 






Filariasis 

S 

8 

4 

9 

i 

i 






Amebiasis 

2 

o 

1 

l 








Coccidiomycosts 

1 

I 


i 








Total 

472 

758 

134 

77 

81 

57 

43 

27 

7 

20 

9 15 1 1 


throats of the many normal persons 7a However, in 
some of these cases, these organisms may have acted as 
secondary invaders as reported by Longcope 7b and 
Thomas 7 8 

For the patients with pneumonia the titration of 
hemagglutinins was usually done shortly after their 
admission to the hospital and at weekly intervals 
thereafter For a few of them, we were able to fol- 
low the titer for as long as two to three months 


7 (a) Kneeland, Y, and Smetana, H Current 
Bronchopneumonia of Unusual Character and Unknown 
Etiology, Bull Johns Hopkins Hosp 67 229, 1940 
(6) Longcope, W T Bronchopneumonia of Un- 
known Etiology (Variety X) A Report of Thirty- 
Two Cases with Two Deaths, ibid 67 268, 1940 (c) 
Dingle, J H , Abernathy, T J , Barger, G F , Bud- 
dmgh, G H , Feller, A E , Langmuir, A R , Rueg- 
segger, J M , and Wood, W B Primary Atypical 
Pneumonia, Etiology Unknown, War Med 3 223 
(March) 1943 ( d ) Drew, W R M , Samuel, E , 
and Ball, M Primary Atypical Pneumonia, Lancet 
1 761, 1943 ( e ) Dingle and Finland 3 

8 Thomas, H The Role of Alpha Hemolytic 
Streptococcus m Pneumonia, Bull Johns Hopkins 
Hosp 72 218, 1943 


The cases of infectious mononucleosis were typical, I 
as indicated by generalized lymphadenopathy, spleno- 1 
megaly, lymphocytosis and the presence of “lymphoid” 
cells m the blood and the frequent finding of large 
amounts of sheep cell agglutinins in the serum Four- 
teen jaundiced patients were considered to have acute 
catarrhal jaundice 

RESULTS ! 

1 

j 

The results of titrations of the seium foi cold , 
hemagglutinin m 472 subjects are presented m 
table 2 and chart 1 To make the various clinical] 
groups studied more nearly comparable, only the 
initial titers obtained for patients with primary! 
atypical pneumonia are compared with the high- 1 
est values for the patients with other infections 
whenever more than one determination was’ 
made * 

With this method, a cold hemagglutinin was)> 
detected in 338 serums (71 6 per cent) It is 
likely that the number would have been greater, 
if titers below 1 14 were determined The high- 




78 


ARCHIVES OF INTERNAL MEDICINE 


est values (above 1 224) were obtained with 
greatest frequency m patients with primary 
atypical pneumonia and infectious mononucleosis 
Similar values were also occasionally obtained for 
patients with measles, mumps orchitis, scarlet 
fever and rheumatic fever but not for normal 
controls and for patients with the other infectious 
diseases studied 

Normal Controls — A cold hemagglutinin was 
found in 66 per cent of 100 serums obtained from 
normal hospital personnel The titer varied from 
0 to 1 56 in 89 per cent, and in half of the 
serums it was 1 14 or less In 11 per cent it 
ran out to 1 112 or 1 224 (table 2) 


mUAPY ATYPICAL PT 'tfO-CA 


20 




4 * 


NORLAL CONTROLS 



0 J4 28 56 j 12 224 448 896 179 5584 7168 UC03 

Titer 


Chart 1 — Percentage distribution of cold hemag- 
1 glutinm titers of patients with primary atypical pneu- 
monia, of patients with other infectious diseases and 
I of normal controls 


1 Since an increased titer of cold hemagglutinin 
( may be present for months after the recovery 
t from primary atypical pneumonia and perhaps 
; other infectious diseases as well, an attempt was 
made to determine whether the higher values m 
.this group (1 112 and 1 224) were related to 
| j the recovery from a recent illness Accordingly, 
■j 1 the controls were divided into two groups on the 
\ i basis of their histories, and the titers m each 
(.group were compared (table 3) Since all the 
« ' controls were white persons, racial influences 
"j did not have to be taken into account The rela- 
; tion of the various blood groups to the titer was 
>3 not determined 

’ 1 Of 38 controls who stated that they had had 
jno colds, cough, sore throats or any known ill- 


nesses for about six months, the cold hemagglu- 
tinin titer varied from 0 to 1 56 in 36 (93 per 
cent) and reached 1 112 in 2 persons A com- 
parison of the range of titer in men and in 
women revealed that titers of 1 56 or 1 112 
occurred in 3 of 10 women and of 1 56 m 2 of 
28 men Although the numbers of subjects are 
small, it is possible that the distribution of the 
highest values in this subgroup of the normal 
controls was determined by sexual differences 
In 62 controls with histories of a recent acute 
infection of the respiratory tract or other infec- 
tious disease within a period of about six months, 
the titer exceeded 1 56 m 9 and ran out to 1 224 
in 3 Although this group consisted of 9 women 
and 53 men, the highest titers occurred only m 
the men They were found m 3 of 25 subjects 
with a history of a recent cough, in 2 of 8 with a 
history of sore throat, m 2 of 14 who had had a 
recent cold and m 2 subjects who had recently re- 
covered from measles A calculation of the 
statistical significance of the difference in the 


Table 3 — Relation of Cold Hemagglutinin Titer to a 
History of Recent Illness m Normal Controls 





Gold HemnpRlutlnln Titers 

Group of 

Num 

f 

l 1 

Normal Controls 

ber 

0 

1 14 1 28 1 5G 1 112 1 224 

No history of recent illness 

3S 

21 

4 S 3 2 0 

History of recent illness 

G2 

13 

13 19 8 6 3 


incidence of titers above 1 56 between the two 
groups (by the method of chi square and with 
use of a probability of 0 05 as the limit of sig- 
nificance) indicated that a titer of 1 56 was 
probably related to a histoiy of a recent infectious 
disease 

Piimary Atypical Pneumonia — Of the 91 
persons with primary atypical pneumonia, a cold 
hemagglutinin was detected m the serum on the 
initial examination in 80 (85 7 per cent) In 40 
(44 9 per cent) the titer was greater than the 
highest value (1 224) seen m normal controls, 
and m 56 (61 per cent) it exceeded 1 56, the 
highest titer m 89 per cent of the controls In 35 
patients (38 per cent) the initial titer ran out to 
1 896 or beyond Values of 1 3,584 or more 
were obtained m 15 (16 per cent) The highest 
titers of cold agglutmm (1 7,168 and 1 14,000) 
encountered m the entire group of 472 subjects 
were obtained in the serums of persons with pri- 
mary atypical pneumonia On repetition of the 
titrations m the course of the syndrome, values 
above 1 56 occurred m 73 patients (80 2 pei 
cent) and above 1 224 m 54 (59 per cent) 
(table 4) 
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On the othei hand, in 18 patients (19 7 pei 
cent) the highest cold agglutinin values did not 
exceed the dilution of 1 56, and in 19 others 
(20 per cent) the titer ranged from 1 112 to 
1 224 In some cases these lower values could 
be attributed to a too short penod of observation 
(see “Relation of Cold Hemagglutinin Titer to 
Othei Features of Primary Atypical Pneu- 
monia”) , m others it may have been due to mis- 

Table 4 — Initial and Highest Cold Hemagglutinin 
Titcis of 91 Patients with Primary Aypical 
Pneumonia 


Titer 

Initial 

Highest 

0 

11 

5 

14 

8 

4 

2S 

S 

5 

66 

s 

4 

112 

10 

13 

224 

G 

G 

448 

5 

S 

SAG 

13 

12 

1792 

7 

12 

3SS4 

13 

16 

716S 

1 

4 

14000 

1 

3 

Total 

91 

91 


takes in diagnosis However, m 16 persons with 
primary atypical pneumonia, despite a sufficiently 
long period of observation during which repeated 
tests were run, a rise in cold agglutinin titer failed 
either to occur or to reach the levels obtained for 
most of the patients (table 8) 

While the range of titei in this group of 37 
patients with the lowest titers was similar to that 
for normal controls (0 to 1 224), the incidence 
of titers above 1 56 on the initial examination 
was much greater (43 per cent as compared with 
11 per cent for normal controls) 

Bactenal Pneumonia — In the 24 patients with 
bacterial pneumonia, a cold hemagglutinin when 
found was present in low titer, despite repeated 
tests during prolonged periods of observation 
(in persons with pneumococcic pneumonia for 
periods of eight to thirty-two days after the 
probable onset and m persons with the other 
bacterial pneumonias for periods of eight to 
ninety-three days) In the 8 patients with pneu- 
mococcic pneumonia the highest values were 
usually below 1 112 In 1 person, in whom the 
titer rose to 1 224" during convalescence, the 
sputum contained a type 12 pneumococcus and 
the roentgenologic findings and the course resem- 
bled those of many persons with primary atypical 
pneumonia In 5 of the other 16 patients, the 
titer reached 1 112, or 1 224 In 4 of these 5 
patients an empyema or pleural effusion devel- 
oped, and m 3 the highest titer (1 112 or 1 224) 
was not apparent for fourteen to thirty-two days 
after the probable onset 


In summary, a comparison of the cold hemag- 
glutinin titers m 91 patients with primary atypical 
pneumonia and m 24 with bacterial pneumonia 
shows that large amounts of cold hemagglutinin 
were present in the serum only in those with the 
former syndrome In persons with uncomplicated 
pneumococcic pneumonia the cold agglutinin 
titers were usually low (0 to 1 56) In persons 
with bacterial pneumonia complicated by empy- 
ema and pleural effusion, the cold hemagglutinin 
values weie observed to rise to 1 112 and 1 224 
during the course of the disease m most instances 
On the other hand, maximum titers of 1 224 oi 
less were obtained also m 40 pei cent of the per- 
sons with primary atypical pneumonia Although 
for these patients this serologic test was not dis- 
tinctive, titers of 1 112 and 1 224 weie more 
common m patients with primary atypical pneu- 
monia than in patients with bacterial pneumonia 
and in normal controls 

Othei Infections — Of 257 patients with miscel- 
laneous common infections exclusive of pneu- 
monia, a cold hemagglutinin was detected in 
the serums of 173 (67 3 per cent) The titers 
exceeded 1 56 m 50 (19 4 per cent) and ran out 
beyond 1 224 in 13 (5 0 per cent) High titers 
comparable to those observed m the serums of 
persons with primary atypical pneumonia were 
frequently encountered in persons with infectious 
mononucleosis (table 5) and occasionally in 
patients with mumps orchitis, measles, scarlet 
fever and acute rheumatic fever 

Table 5 — Laboiatoiy Data for Patients with Infec- 
tious Mononucleosis 


Titer 


Hetro White Blood Cell Count 


Cold 
Case Agglu 
No tinin 

phile 

Anti 

body 

Total Poly 

By in 

Eosin 

Mono 

Lymph ! 
Baso oid i 

1 

1 3,584 

1 1,792 

8,500 

12 

84 

2 

2 

0 

\ 

2 

1 224 

1 448 

14,500 

14 

80 

2 

4 

0 


3 

1 56 

1 1,792 

20,000 

21 

76 

0 

3 

0 

+ ' 

4 

1 1 792 

1 14,000 

7,500 

12 

88 

0 

0 

0 

-L- t 

5 

1 898 

1 3,584 

8,600 

23 

77 

0 

0 

0 

; { 

G 

1 896 

1 112 

5,350 

46 

51 

1 

2 

0 

7 

1 89G 

1 28 

5,600 

42 

50 

6 

2 

0 

+ 


In the subgroup of patients with the 5 infec- 
tious diseases mentioned (97 patients) m which ; 
the highest titers were observed the cold hemag- ‘ 
glutinm titer exceeded 1 56 m 38 and 1 224 m 
9 In this group, the incidence of titers above 
1 56 was greater than in the group with other . 
infections, m which the titer never exceeded { 
1 224 The statistical significance of this dif- 1 
ference, however, was open to question on the / 
basis of our data, since the tests were often re- 
peated on the patients m the former group and ; 
not on those m the latter On the othei hand, it s 
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is not unlikely that the incidence of serums con- 
taining cold hemagglutinin in patients with these 
5 diseases and the height of the titers would 
approach the values for patients with primary 
atypical pneumonia if the numbers of patients 
with each disease studied and of titrations were 
similar 

In the patients with infectious diseases (160) 
in whom the titer did not exceed 1 224, includ- 
ing those with minor infections of the respiratory 
tract, the titer exceeded 1 56 in 15 This figure 
was not significantly different from that for the 
incidence of such titers in normal controls Of 
46 patients with minor infections of the respira- 
tory tract, titers above 1 56 occurred for 6 This 
figure was similar to that obtained for the 62 
normal controls (14 per cent), many of whom 
gave a history of a recent infection of this type 

To summarize, the appearance of large amounts 
of cold hemagglutinin in the serum is not specific 
for primary atypical pneumonia among infectious 
diseases but may occur in certain other infections 
These high titers, however, were limited to pei- 
sons with 5 of 13 infections studied In these 
the incidence of titers above 1 56 was higher 
than for normal controls and in the infections in 
which the titer did not exceed 1 224 

RELATION OF THE COLD AGGLUTININ TITER TO 

OTHER FEATURES OF PRIMARY ATYPICAL 
PNEUMONIA 

Although it is clearly evident that a high level 
of serum cold agglutinin is observed in many 
patients with primary atypical pneumonia, little 
is known of the significance of this fact and its 
relation to other features .of the syndrome To 
obtain some data on these points, we compared 
the clinical observations with the cold hemagglu- 
tinin responses of 44 patients with primary 
atypical pneumonia These patients were divided 
on the basis of cold hemagglutinin titer into three 
groups (1) 15 patients with very high titers 
(1 1,792 or above) on admission to the hos- 
! pital, (2) 13 patients with a rise in titer to a 
i high level after admission, and (3) 16 patients m 
whom the cold agglutinin titer failed to exceed 
I the highest values for normal controls and for 
I patients with bacterial pneumonia and a variety 
of infectious diseases (table 2) Following is 
j an analysis of some of the clinical features of 
\ each of these groups 

| ( Group 1 — The essential clinical findings fox 

I >15 patients with primary atypical pneumonia m 

I I whom very high levels of serum cold agglutinin 
: were present on admission are shown m table 6 

,/iIn most of these cases, the disease was extremely 


mild and many of the patients seemed to be con- 
valescing from a primary atypical pneumonia 
unrecognized for several weeks prior to entry 
The period between the probable onset of the 
disease and admission to the hospital varied from 
five to thirty days (mode, ten to twelve days, 
average, thirteen days) In each instance, the 
patient sought admission because of persistent 
cough or the sudden onset of pain in the chest 
and fever after a variable period of cough On 
admission, 10 patients had little or no fever, 5 
patients were afebrile during the entire period 
of hospitalization, and in the others, the days of 
fever were usually less than seven The white 
blood cell counts on admission varied from 7,300 
to 24,600 but were usually between 7,000 and 
11,000 The only other frequent hematologic 
observation was the presence of 4 to 10 mono- 
cytes in the differential white cell count (9 of 
13 white blood cell counts) Roentgenograms of 
the chest showed only increased peribronchial 
and perivascular markings in 3 patients and slight 
evidences of pneumonic involvement m 9 In 2 
of these, the roentgenologic abnormalities cleared 
m about ten days or less Ten of these patients 
were treated symptomatically Five were given 
sulfonamide compounds Although in 1 patient 
so treated the temperature dropped to normal in 
twenty-four hours (case 12), in the other 4 the 
response to sulfadiazine was not dramatic Eight 
of these patients left the hospital ten to twenty-one 
days after entry, with no or minimal residual 
symptoms or signs The others were hospitalized 
longer because of persistent cough or thoracic 
findings Pleural effusion was not noted in 
this group 

The case of 1 of these patients is worthy of 
special mention because it was very unusual in 
several respects and illustrates that the cold 
hemagglutinin response may precede definite 
roentgenographic evidence ot primary atypical 
pneumonia by several weeks 

Case 8 — A 20 year old Negro seaman was admitted 
to the hospital with a history of persistent cough, sub- 
sternal pain, sore gums and occasional chilly sensations 
for about two weeks Two or three days prior to entry , 
he began to suffer from an intense headache associated 
with nausea and vomiting 

On admission, he appeared drowsy His temperature 
was 994 F (oral), pulse rate 72 and respiratory rate 
20 His cervical lymph nodes were palpable bilaterally, 
but there was no other adenopathy and the spleen could 
not be felt The lungs were clear except for a few 
sticky rales on deep inspiration and after cough at the 
base of the right lung posteriorly There was definite 
nuchal rigidity, and Kermg’s sign was positive bilaterally 
The only other positive finding was pronounced hyper- 
trophic gingivitis 

Laboratory studies revealed a red blood cell count of 
4,750,000, a hemoglobin content of 14 5 Gm , a white 
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blood cell count of 16,500, with 74 per cent polymor- 
phonuclear leukocytes, 22 per cent lymphocytes and 4 
per cent monocytes , examination of the urine for 
albumin, sugar and formed elements gave negative 
results, and the erythrocyte sedimentation rate (Cutler) 
was 24 mm in one hour The Kahn reaction of the 
blood was negative 

A lumbar puncture yielded clear fluid under a pres- 
sure of 220 mm , which contained 68 mononuclear cells 
per cubic millimeter The Tandy reaction was nega- 
tive The spinal fluid contained 48 mg of protein per 
hundred cubic centimeters Culture of the spinal fluid 
was negative for bacteria 

A roentgenogram of the chest showed an increase m 
perivascular and peribronchial markings 

Course — The patient was given sulfathiazole in doses 
of 1 Gm every four hours ‘for one week His tem- 
perature became normal in four days, and he became 
more alert and responsive A slight cough persisted 

Special Studies — Examination of the serum revealed 
a cold hemagglutinin titer of 1 3,584 within twenty-four 
hours after his admission to the hospital This rose to 
1 7,168 and was still 1 3,584 seventeen days after 
admission, when the patient returned to duty A com- 
plement fixation test for lymphogranuloma venereum 
was negative The patient’s serum did not neutralize 
the viruses of St Louis and Western equine encephalitis 
The heterophile antibody titer was 0 The Weil-Fehx 
reaction with Proteus OX-19 was negative 

Second Admission — The patient remained free of 
complaints for a period of five weeks At the end of 
this time, he again began to cough, and after one week 
he suddenly experienced chilly sensations and a sharp 
pain m his right shoulder on inspiration 

Physical examination now revealed a temperature of 
104 F , pulse rate of 92 and respiratory rate of 20 The 
patient was not dyspneic and did not appear acutely ill 
On auscultation of the chest there was a leathery fnc- 
' tion rub over the upper lobe of the right lung anteriorly 
' and posteriorly, and the breath sounds were diminished 
in this area The percussion note was dull There 
were no other positive findings on physical examination 

The white blood cell count was 32,500, with 92 pei 
) cent polymorphonuclear leukocytes, 6 per cent lympho- 
cytes and 2 per cent monocytes Sputum was difficult to 
obtain and did not reveal pneumococci, tubercle bacilli 
, or other pathogenic bacteria A spinal puncture revealed 
| a normal spinal fluid pressure and yielded a clear fluid 
1 which still contained 14 cells per cubic millimeter A 
j roentgenogram of the chest now revealed a large 
i homogeneous density involving the upper lobe of the 

I right lung The patient was given sulfadiazine in doses 
of 1 5 Gm every four hours His temperature fell to 
normal in five days, but he continued to cough and to 
complain of pam m the shoulder for an additional five 
days The roentgen shadow in the upper lobe of the 

| right lung cleared almost completely m ten days 
[ | The cold hemagglutinin titer on this admission was 
| 1 448 and remained at this level for two weeks, after 

I I which the patient returned to duty 

,| Summary — In this case an acute meningeal reaction 
i J occurred m a patient whose serum revealed a high cold 
i I hemagglutinin titer (1 7,168) Although there was 
j some evidence of a pulmonary involvement at this time, 
j bn physical examination, an atypical pneumonia was not 
1 1 apparent roentgenographically until about eight weeks 
M later when there was a recurrence of cough and fever 
J I associated with pam in the shoulder and a homogeneous 
J [density m the right upper lobe 

- j Gi oup 2 — A rise m cold hemagglutinin titer 
i Ifrom low or moderately increased levels to highei 


ones was observed in 13 patients (table 7) The 
clinical findings and course varied widely in indi- 
vidual patients, but m general the entire group 
was characterized by a more acute onset of the 
syndrome (one to fourteen days) and a febrile 
course requiring longer periods of hospitalization 
than in group 1 

A significant increase m cold hemagglutinin 
titer was often apparent toward the end of the 
first week after the probable onset of the syn- 
drome Maximum titers w r ere usually attained 
during the second and third w r eeks Howevei, 
this w r as not true of every patient In 4, a sig- 
nificant increase m titer (above 1 224) was not 
observed for five or more w’eeks after the onset, 
and in 1 patient it did not occur until about in 
eight weeks (chart 2) In 1 of these cases, a shaip 
increase in the titer of cold hemagglutinin was 
associated wnth a secondary use m temperature 
and the occunence of acute polyarthritis, pro- 
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Chart 2 — Relation between time after probable on- 
set and cold hemagglutinin titer of 13 patients with 
primary atypical pneumonia (table 7) 

ducing a syndrome resembling acute rheumatic 
fever, which has been noted previously m cases 
of primary atypical pneumonia 7n The pronounced 
rise in the cold hemagglutinin level w r as main- 
tained only for a short time and fell to low er but 
still elevated values (1 448) as the fever and 
polyarthritis subsided Prior to the recognition 
in recent years of the syndrome of primary 
atypical pneumonia, this case might have been 
considered as an example of rheumatic pneu- 
monia 

A comparison of the findings and couise of the 
7 patients in whom the titer rose to high levels 
within three weeks and of the 6 in whom the 
rise in titer required a longer period indicated 
that the former had a shorter febrile course, with 
few f er complications and residuals 

Although based on obseivations on only a few 
patients, it is our general impression that a very 
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high cold hemagglutinin titer on admission to 
the hospital or a 1 apidly using titer (within two 
or three weeks) seemed to herald a favorable 
prognosis On the other hand, a slowdy rising 
titei of cold hemagglutinin was usually indicative 
of a prolonged illness 

Gi oup 3 — In 16 patients, followed for periods 
of twenty-two to sixty-one days aftei the piobable 
onset of the syndrome, the cold hemagglutinin 
titer did not rise above the highest values seen 
m normal conti ols and m patients with a variety 
of acute infections ( 1 112 or 1 224) Although 
cold hemagglutinin was demonstrated m each of 
these patients, m 7 the titei failed to exceed 
1 56 and m 9 it rose slowly to 1 112 and 1 224 
or remained fixed at these levels (table 8) 

In this group, the clinical findings were similai 
to those of the sicker patients m group 2 (with a 
slowly rising titer) Three patients gave a his- 
tory of a previous attack of pleuiitic pain and 
fever within the past year One patient w f as 
seen with a recurience of fever, pain m the chest 
and cough immediately aftei a thirty day peuod 
of hospitalization for primary atypical pneumonia 
Ten patients were admitted within seven days 
after the onset of symptoms, 6 patients had 
symptoms for a longer period pnor to entry 
All were febrile on admission, and in ten the 
admission temperatuie was 102 F or above The 
white blood cell counts varied from 4,150 to 
14,100 and were below 9,000 m 10 patients 
Only 1 patient had more than 4 monocytes m 
the differential count The roentgenologic obser- 
vations did not differ from those of some of the 
patients in the other groups with primal y atypical 
pneumonia, and the lesponse to sulfadiazine was 
disappointing 

The febrile course was usually prolonged and 
exceeded one week m 9 cases Seven patients 
had low grade fevers (temperatures up to 101- 
102 F ) for two to six weeks The periods of 
hospitalization were correspondingly long and 
were more than twenty-one days for 11 patients 
Eight of these patients still complained of cough 
when they left this hospital Four had pleural 
effusions requiring further convalescent care 
' Although the syndrome seemed somewhat more 
, prolonged m this group and the incidence of com- 
plications and residual symptoms was higher, 
the only striking difference was the failure of the 
cold hemagglutinin level to reach the increased 
- values observed m 60 per cent of the patients 
,] with primary atypical pneumonia The reasons 
< for this were not apparent, but the following 
c possible explanations were considered 1 Certain 
etiologic agents causing the syndrome of atypical 
f pneumonia may fail to call forth a cold hem- 
1 agglutinin response 2 In certain patients with 


primary atypical pneumonia, the lesponse may 
not occur for long periods (as in case 10, 
group 2) 3 In some instances it may have been 

impossible to distinguish between primary atvpical 
and bacterial pneumonia 

COMMENT 

This study confirms previous obsei vations that 
human seium frequently contains a cold hemag- 
glutinin for homologous erj throcytes (group 0) 9 
As suggested b> Keitel, 10 this may be a universal 
piopeity of human serum With a method in- 
volving a long period of refngeration of the cell 
suspensions and a microscopic leading of the 
end point, cold hemagglutination was commonh 
noted m normal serum dilutions through 1 56 
Slightly higher values (1 112 and 1 224) weie 
observed occasionally in the serums of noimal 
persons (11 per cent) It seemed logical to 
legard these higher values as possible reactions 
to recent acute infectious diseases, since it is 
known that the serum cold hemagglutinin level 
increases during convalescence from certain in- 
fections, for example, primary al)pical pneu- 
monia 

If it is assumed that a titer of 1 56 is the 
upper limit of cold agglutinin activity m most 
normal serums with this serologic method, then 
slight increases in titer were noted in the serums 
of patients with almost every infection studied 
This suggests a nonspecific stimulation of the 
tissues involved in the production of cold hemag- 
glutinin by a wide variety of infectious agents 
On the other hand, since great increases m cold 
hemagglutinin titer were observed in the serums 
of patients with a smallei group of diseases, it 
seemed that certain infectious agents are capable 
of eliciting a more intense reaction of this type 
than others Howevei, these intense lesponses 
as well as the mild ones were relatively non- 
specific 

Although the mechanism of the production of 
cold hemagglutinin in large amounts m persons 
with certain infectious diseases is unknown, many 
of the conditions in which this was noted are 
characterized by the appearance of large amounts 
of specific antibodies m the seium In these 
conditions cold hemagglutination may be a 
manifestation of the presence of distinct but 
chemically related antibodies Another explana- 
tion, suggested by Belk, 11 who studied a cold 
agglutinin m a case of infectious mononucleosis, 

9 Kettel, K Recherches sur les agglutmines au 
froid dans les serums humams, Compt rend, Soc de 
bxol 100 371, 1929 

10 Kettel, K , cited by Stats and Wassermann 5 

11 Belk, W Minor Hemagglutinins, J Lab &. 
Clm Med 20 1035, 1935 
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ARCHIVES OF INTERNAL MEDICINE 


is that cold hemagglutination is due to purpose- 
less and excessive production of antibodies under 
certain conditions of nonspecific stimulation 

A furthei point in favor of the nonspecific, or 
general, character of the phenomenon of cold 
hemagglutination in infectious diseases is the fact 
that the serums m which it occurs to a significant 
degree frequently react positively for syphilis 
These reactions are common in trypanosomiasis, 
malaria and infectious mononucleosis and have 
been obsei ved in other acute infections, including 
primary atypical pneumonia 12 Moreover, a 
reagm of the type giving a positive Kahn or 
Wassermann reaction has been found m small 
amounts m normal human serums and at times 
m sufficient quantity to give a positive reaction 
for syphilis m a perfectly normal person 13 It is 
interesting and perhaps has some bearing on the 
nature of cold hemagglutination that the general 
biologic type of Kahn precipitation reaction 
occurs strongly at 1 C while the true syphilitic 
reagm is maximally active at 37 C and inactive 
at 1 C 14 The apparent relation of nonspecific 
serologic reactions to low temperatures is further 
indicated by the finding that cold seems to 
increase the activity of sheep cell agglutinins in 
infectious mononucleosis 14 

The frequent presence of extiemely high titers 
of cold hemagglutinin in persons with primary 
atypical pneumonia alone of the common diseases 
of the respiratory tract studied is a serologic 
observation of value in confirming the diagnosis 
of the syndrome m most cases and in differ- 
entiating it from pneumonia of other common 
causes However, the characteristic sharp eleva- 
tions m cold agglutinin concentration were not 
observed in an appreciable number of persons 
with primary atypical pneumonia In our opinion, 
the test was of least value as a differential find- 
ing m cases m which the greatest difficulty was 
encountered in distinguishing primary atypical 
from bacterial pneumonia It is possible, how- 
evei, that some cases m which slight elevations 
in titer were noted m convalescence were instances 
of infections with moie than one agent (i e 
virus and bacteria) 

A correlation of the cold agglutinin lesponse 
and the clinical observations in cases of primary 
atypical pneumonia indicated that this reaction 

12 Taussig, A E On the Persistence of Falsely 
Positne Serologic Tests for Syphilis in Non-Syph- 
3 llitic Infections, J Lab & Clin Med 29 473, 1944 
[ 13 Kahn, R L The Verification Test in the 

h Serology of Syphilis, J Lab & Clm Med 28 1175, 
1943 

14 Spmgarn, C , Jones, J P , and Owrutsky, B 
t A Note on the Occurrence of Cold Hemagglutination 
-Tin Infectious Mononucleosis U S Nav M Bull 43 
lt 717 (Oct) 1944 


may have prognostic value The type of response 
seemed to be related to the course of the dis- 
ease It occurred promptly and was most intense 
m the cases of mild disease and slow in devel- 
oping and often slight m the cases m which the 
course was prolonged and marked by complica- 
tions This behavior of the cold hemagglutinin 
response favors the concept that it is a manifesta- 
tion of immunity 

The test m our hands has been of definite 
assistance in case finding and has led to the 
recognition of several cases of mild primary 
atypical pneumonia that may not have been noted 
if this test had not been done Titration of the 
serum for cold hemagglutinin is advised for all 
patients with persistent cough and obscure pul- 
monary abnormalities on physical and roentgen- 
ographic examination The failure to observe 
high titers of cold agglutinin in patients with a 
vanety of minor infections of the respiratory 
tract and m a group of normal persons who had 
recently recovered from such infections suggests 
that it is of doubtful value in detecting the carrier 
state and minor infections with the agent or 
agents causing atypical pneumonia However, 
since we had no data concerning the number of 
actual infections with or exposures to such 
agents, an evaluation of the test as a tool in 
studying the epidemiology of primary atypical 
pneumonia must await the definite recognition 
of the agents causing the syndrome 

SUMMARY 

1 A cold hemagglutinin against human gioup 
O erythrocytes was detected in 72 per cent of 472 
subjects, including 115 with pneumonia, 257 with 
other infections and 100 noimal controls 

2 In normal controls, the cold hemagglutinin 
titer was usually 1 56 or lower (89 per cent) 
and reached 1 112 and 1 224 in 11 per cent 
Recovery from recent acute infection seemed 
significantly to affect the cold hemagglutinin 
level of the serum m normal conti ols 

3 The highest values of cold hemagglutinin 
were found most frequently m patients with 
primary atypical pneumonia, but in 40 per cent 
of persons with this syndrome the titer did not 
exceed the highest titer (1 224) m normal con- 
trols and in persons with a vanety of acute 
infections 

4 In patients with bacterial pneumonia, the 
cold hemagglutinin values were usually lover 
than in patients with primary atypical pneumonia 
Slight elevations in titer equaling the highest 
titer m 25 per cent of the patients with atypical 
pneumonia occurred m patients with bacterial 
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pneumonias complicated by empyema or pleural 
effusion 

5 High values of cold hemagglutinin were 
noted in patients with infectious mononucleosis, 
mumps orchitis, measles, scarlet fever and rheu- 
matic fever 

6 In patients with primary atypical pneu- 
monia, a high titer on admission or a rapidly 
rising titer seemed to indicate a favorable prog- 
nosis 

7 Patients with pi unary atypical pneumonia 
in whom high titers of cold hemagglutinin were 


not observed usually had a prolonged illness m 
which pleural complications were frequent 

8 It is possible that cold hemagglutination 
is a nonspecific manifestation of certain types of 
antibody response 

Captain J H Robbins, MC, USN, the Command- 
ing Officer of the Naval Hospital, Treasure Island, 
and Captain E J Best, MC, U S N R , Chief of Ser- 
vices, gave advice in this study Dr G Meiklejohn 
performed the complement fixation and neutralization 
tests in case 8 Valuable technical assistance was 
given by Chief Pharmacist Mates B Owrutsky, J 
Coyner, L Dodge and Pharmacist Mates, First Class, 
S Spangler and H Spikes 



AMEBIC PERICARDITIS 
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Pericarditis is a rare complication of amebi- 
asis A review of the literature revealed only 
22 proved cases 1 The literature contains a 
number of reports of pericardial involvement 
m the course of hepatic abscess of probable, 
but not proved, amebic nature Some of these 
cases occurred before the discovery of Endameba 
histolytica 

In a recent review amebic hepatitis and hepatic 
abscess were extensively discussed by Ochsner 
and DeBakey la These authors stated that 
various surveys of the population of the United 
States have shown the incidence of amebiasis 
to be between 5 and 20 per cent The incidence 
of associated hepatitis and hepatic abscess 
vanes considerably in different statistical an- 
alyses As was pointed out by Ochsner and 
DeBakey, this incidence is significantly higher 
m the cases in which autopsies were performed 
than in the clinically observed cases These 
authors collected a series of 5,211 fatal cases of 
amebiasis and noted that in 36 6 per cent of 
these the liver was involved The incidence in 
the various groups of this series varied be- 
tween 7 6 and 84 4 per cent In a series of 
9,696 cases of clinical amebiasis assembled from 
the literature, hepatic abscess was present in 
4 86 per cent 

The purpose of this report is to present a 
case of amebic pericarditis secondary to ex- 
tension of an amebic abscess of the liver In 
this case the correct diagnosis was made only at 
autopsy 

From the Departments of Pathology of Grady Hos- 
pital and Emory University School of Medicine 

1 ( a ) Ochsner, A , and DeBakey, M Amebic 
Hepatitis and Hepatic Abscess, Surgery 13 460 
(March) , 612 (April) 1943 ( b ) Vergoz and Hermenjat- 
Gerin De la rupture des abces amibiens du foie dans 
les cavites sereuses (pleure, peritoine, pencarde), Rev 
de chir , Pans 51 680 (Nov) 1932 (c) Huard, P, 
and Meyer-May, J Les abces du foie, Paris, Masson 
& Cie, 1936 ( d ) Craig, C F The Complications of 

Amoebic and Specific Dysentery, as Observed at 
Autopsy An Analysis of One Hundred and Twenty 
Cases, Am J M Sc 123 145 (Aug ) 1904 (e) Howard, 
'W T, and Hoover, C F Tropical Abscess of the 
, Liver, ibid 111 150 (Aug) 1897 (/) Surbek, IC E 
Ein Fall von Amoben-Pericarditis, Arch f Scluffs- u 
, Tropen-Hyg 31 456 (Aug) 1930 (g) Kataropula, A 

(Amobenpenkarditis, ibid 36 544 (Oct) 1932 


REPORT OF A CASE 

History — A 17 year old Negro entered Grady Hos- 
pital in March 1944 Because of pain and tenderness 
in his left flank and costovertebral angle, he was ad- 
mitted to the genitourinary service with a diagnosis 
of perinephric abscess 

The patient had been in apparently good health until 
three months prior to admission to the hospital , at that 
time he noted the gradual onset of pain in the right 
shoulder, which persisted intermittently until his admis- 
sion During the same period he complained of malaise 
and progressive loss of appetite and of weight Approxi- 
mately two months prior to admission he noticed pain in 
the lumbar region, at first m the midline It rapidly 
spread to both flanks and was particularly severe on the 
left During the three weeks preceding admission he had 
profuse nocturnal sweats and fever without chills He 
occasionally noted a pam in both sides of the chest but 
had no cough In the w'eek before admission he 
frequently complained of periumbilical pam and of a 
sharp pam in the left flank, which radiated tow'ard the 
left axilla 

There u'as no history of diarrhea, and the remainder 
of the review' of the systems failed to reveal anything 
significant 

The past history and the family history w r ere non- 
contributory 

Physical Evaimnatiou — On his admission the patient's 
temperature was 100 8 F , his pulse rate 105 per minute, 
his respiratory rate 22 per minute and his blood pressure 
90 systolic and 60 diastolic He was acutely ill The 
significant physical findings were limited to the chest 
and the abdomen 

The heart w r as slightly enlarged to the left, and there 
were a loud pleuropericardial friction rub and a thrill 
over the lower left side of the precordium No murmurs 
were heard There was normal sinus rhythm A few 
moist rales were heard over the bases of both lungs, 
especially the right, otherwise the lungs show'ed no 
abnormalities on physical examination There was 
tenderness m both flanks and costovertebral angles, more 
marked on the left The liver was palpated 4 finger- 
breadths below the right costal margin, it was not 
tender 

Laboratory Data —On the patient’s admission the only 
significant laboratory finding was a white blood cell 
count of 20,800, with S6 per cent neutrophils and 14 
per cent lymphocytes The count ranged from 13,000 to 
39,000 on many subsequent examinations during his 
thirty-nine day stay in the hospital The results of 
urinalysis were essentially normal at all times There 
was mild secondary anemia The erythrocyte sedi- 
mentation rate was 64 mm in one hour (Westergren) 
The Kahn reaction of the blood was negative Exam- 
ination of the stool failed to show the presence of 
blood (guaiac test) Repeated cultures of blood were 
sterile A tuberculin test (purified protein derivative, 
first strength) elicited a positive reaction A retro- 
grade pyelogram and a roentgenogram of his chest 
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taken the day after his admission Mere interpreted as 
normal A lumbar puncture yielded no significant in- 
formation 

Coui sc — During the first six days in the hospital the 
patient’s temperature varied between 100 and 102 F , 
clinically there was no significant change except for 
development of a sharp precordial pain on the sixth 
day On the next day this became se\ere, and there 
uere signs of peripheral circulatory collapse, with a 
blood pressure of 70 systolic and 60 diastolic The veins 
of his neck were distended, and his pulse was strikingly 
paradoxic A roentgenogram of his chest at tins time 
revealed that the heart was considerably larger than 
previously, with a shortened cardiac pedicle On 
fluoroscopic examination no pulsations of the ventricles 
could be seen Pleural thickening along both axillary 
lines and a small area of increased density m the right 
costophremc angle uere also reported 

A diagnosis of pericardial effusion was made, and the 
patient was transferred to the medical service, where 
an immediate pericardial paracentesis resulted in 
dramatic clinical improvement Six hundred cubic 
centimeters of thin, chocolate-colored material was 
withdrawn This fluid contained 45,000 red blood cells 
and 110,000 white blood cells, 88 per cent of which were 
polymorphonuclear leukocytes Frequent pericardial 
taps w’ere performed thereafter , several of them were 
necessitated by symptoms of tamponade Each time 250 
to 850 cc of fluid U’as removed, this became progres- 
sively thicker and changed from chocolate brown to 
brick red The number of white blood cells in this 
exudate fell to 8,000 per cubic millimeter, with 44 
per cent polymorphonuclear leukocytes The fluid was 
cultured repeatedly on routine mediums, as w'ell as on 
Petragnam’s medium, and was sterile at all times 
Numerous smears w’ere examined for tubercle bacilli 
and other bacteria, but none were seen Several wet 
preparations of this material w’ere studied by competent 
observers, and no parasites were noted On the patient’s 
ninth day in the hospital the entire right pleural cavity 
was found to be filled with fluid Despite a thoracentesis 
this reaccumulated rapidly This fluid w r as clear and 
straw colored, and a culture of it w ? as sterile The 
patient had gross hemoptysis on the twenty-seventh day 
in the hospital, but this condition lasted for only a few 
days and the amount of sputum was small His tem- 
perature fluctuated between 98 and 102 F He w r as 
treated with sulfamerazine for one week, without im- 
provement, thereafter, therapy was symptomatic 

Repeated roentgenographic examinations of his chest 
revealed that his heart had become globular and had 
remained large Several electrocardiograms taken after 
the development of pericarditis showed only isoelectric 
T waves in leads I and II 

His liver decreased slightly in size, and a small 
amount of fluid appeared m the peritoneal cavity 
shortly before death The pleuropericardial friction rub 
persisted The course was downhill, and the patient 
died on the thirty -ninth day m the hospital Despite 
failure to identify the tubercle bacillus by culture or 
smear, the clinical impression at the time of death was 
tuberculous pericarditis 

Autopsy — Autopsy was performed six hours after 
death Permission for examination of the brain was not 
granted Only the pertinent data are given here 

Gross Examination ' The parietal pericardium was 
thickened and measured 4 to 5 mm in thickness The 
pericardial cavity contained a few cubic centimeters of 
thick, greenish-yellow, odorless purulent material, 
which was adherent to both the visceral and the parietal 
surface These were yellowish gray and granular The 


epicardium was also greatly thickened, and the usual 
landmarks were obscured There were no pericardial 
adhesions Extensive fibrinous pleuropericardial adhe- 
sions were seen on both sides The right pleural cavity 
contained 3,700 cc of light chocolate brown fluid, and the 
pleural surfaces uere covered by shaggy, friable, 
greenish yellow exudate The right lung (370 Gm ) was 
collapsed and displaced toward the mediastinum The 
interlobar septums were obliterated by dense fibrinous 
adhesions The lower lobe was consolidated, and its 
posterior lateral third consisted of friable, somewhat 
necrotic, greenish gray to greenish brown tissue, m 
which there were numerous rather poorly demarcated 
abscesses These varied m diameter from 0 5 to 2 cm 
and uere filled with viscous, greenish yellow material 
In addition, there were several firm, elevated, brownish 
red nodules The upper and middle lobes were atelec- 
tatic The left lung (200 Gm ) and the pleural cavity 
appeared normal 

The peritoneal cavity contained 200 cc of clear yellow 
fluid The liver weighed 1,200 Gm In the right lobe 
of the liver, immediately beneath the diaphragm, there 
was a large abscess This measured 11 cm in width, 5 
cm in anteroposterior diameter and 5 cm in depth 
The diaphragm could not be definitely identified in this 
region The pericardium appeared to form the superior 
wall of the abscess, and it extended laterally beneath 
the right diaphragmatic pleura The abscess was filled 
with friable, yellowish green material, similar to that 
in the pericardial cavity The inferior vena cava passed 
through the center of the abscess, and shaggy exudate 
was adherent to it A firm, grayish white wall, 3 to 4 
mm thick, separated the abscess cavity from the sur- 
rounding hepatic paicnchyma, which was compressed, 
greatly congested and scaned The remainder of the 
liver was congested, and its lobular pattern was not 
distinct Numerous tiny nodules were palpated on its. 
cut surfaces, but these could not be seen No com- 
munication could be demonstrated between the hepatic 
abscess, on the one hand, and the pericardial ‘ or the 
pleural cavity, on the other There was ,no broncho- 
pleural, bronchohepatic or bronchopericardial fistula 

Careful examination of the entire alimentary tract, 
from the esophagus to the anus, failed to reveal any 
evidence of ulceration, inflammation or scarring There 
were no other significant findings on gross examination 
of the heart, spleen, panel eas, kidneys, adrenals, aorta, 
gallbladder, bladder, genitalia and other structures 

Escherichia coli was cultured from the pericardial 
cavity, the right pleural cavity, the right lung and the 
spleen 

Histologic Examination Blocks of all tissues were 
fixed in Zenker's fluid with 5 per cent glacial acetic 
acid and in solution of formaldehye U S P , diluted 1 
to 10 The phloxme-methylene blue stain was used 
routinely, and phosphotungstic acid hematoxylin (Mal- 
lory’s modification for amebas) was used when indicated 

Both the parietal and the visceral pericardium were 
considerably thickened They consisted m general of 
rather dense fibrous connective 1 tissue, but in some areas 
this was loosely arranged The surfaces were covered by 
a thick layer of necrotic material backed by granulation 
tissue, with numerous large mononuclear cells and f 
some lymphoid and plasma cell elements and a few , 
polymorphonuclear leukocytes Within the necrotic 
material the ghostlike outlines of the involved tissues ' 
could still be made out The granulation tissue immedi- \ 
ately adjacent to the necrotic material showed evidence , 
of similar lytic necrosis (fig 1 A) Innumerable typical l 
amebas were noted in the necrotic tissue and m the 
deeper layers of the pericardium but none in the other f 
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layers of the heart They were also common m the 
capillaries and small veins The amebas were found 
singly and m clusters of three or four (fig 1 B ) 
They were always surrounded by a small halo of cytol- 
ysis They frequently contained phagocytosed red blood 
cells 


pericardium, which showed varying degrees of oblitera 
tive changes There were no other significant findings 
in the heart 

The pleura was thickened and fibrosed Its surface 
was covered by necrotic material, similar to that 
described in the pericardium It also contained numer- 



Fig 1 — A, parietal pericardium covered on the cardiac surface with a thick layer of exudate Note the char- 
acteristic lytic necrosis of the tissue and the comparatively slight degree of inflammatory cell infiltration 
Phloxine-methylene blue , X 60 B, several amebas within a capillary of the parietal pericardium Phosphotungstic 


acid hematoxylin , X 520 C, early amebic abscess in 
pulmonary tissue is seen in the upper part of the picture 

The myocardium immediately beneath the epicardium 
■“was pale and edematous The blood vessels were normal 
with the exception of some in the deeper layers of the 


the right lung, involving a bronchus Relatively uninvolved 
Phloxine-methylene blue, X 60 

out typical amebas, and there was evidence of beginning 
organization Throughout the pulmonary parenchyma 
there were numerous abscesses of varying size and age 
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(fig 1 C) Many of the abscesses appeared to be 
confluent, and the bronchi were often involved Early 
abscesses were characterized by lytic necrosis of the 
tissue, some hemorrhage and fibrosis, but there was 
little cellular response The older abscesses showed 
ragged walls of , fibrous tissue lined with necrotic 
material, as previously described Numerous amebas 
were seen in the abscesses and their walls (fig 2 A) 
The involved bronchi showed chronic inflammation of 
their walls and contained many amebas m the lumens 
and walls The intervening, unmvolved, parenchyma dis- 
played edema, congestion and numerous large, pigment- 
laden mononuclear cells in the alveoli, as well as chronic 
bronchitis There were no other significant findings in 
the lungs 

The abscess in the liver was located close to the 
capsule, which it involved The abscess wall and its con- 
tents displayed the same characteristics as were 
described m the lung and the pericardium (fig 2 B) , 
and, again, amebas were numerous in the wall, as well 
as among the necrotic contents The hepatic tissue sur- 
rounding the abscess showed marked distortion of its 


Anatomic Diagnosis The diagnosis was amebic 
abscess of the liver, amebic pericarditis, amebic pleu- 
ritis on the right side, multiple amebic abscesses of 
the right lung, fibrosis of the liver (weight, 1,200 
Gm ) , fibrosis of the spleen (60 Gm ) , bilateral fibrin- 
ous pleuropericardial adhesions , ascites (200 cc ) , 
pronounced congestion of the viscera , hyperplasia of the 
bone marrow, and emaciation 

COMMENT 

The patient’s clinical picture was dominated 
by the obvious pericarditis Because of this, little 
attention was paid to the history of pain in the 
right shoulder three months prior to his admis- 
sion and the abdominal pam shortly preceding 
his entry, two symptoms which should have 
directed attention toward a possible hepatic 
abscess Similarly, the important roentgenologic 
finding of a bilaterally elevated diaphragm was 



Fig 2 A, several amebas within the alveoli The septums show early lytic necrosis Phosphotungstic acid 
hematoxylin , X 412 B, a corner of the amebic abscess of the liver surrounded by a thick layer of old granulation i 
tissue Some bile ducts and hepatic cells are seen in the lower right corner Phloxme-methylene blue , X 50 " 


architecture, with extensive old and recent hemorrhages 
Elsewhere the architecture of the liver was greatly al- 
tered, this change was caused by extensive old scarring 
of irregular distribution In some areas it appeared 
to involve the centrolobular and midzonal areas more 
than the portal spaces No significant amount of 
proliferation of bile ducts had taken place, but in 
many regions the hepatic cells had a definitely regen- 
erative appearance No amebas were seen outside the 
abscess There were pronounced congestion and edema 
throughout, with increased activity of the Kupffer cells 
Other histologic changes noted included slight diffuse 
fibrosis of the spleen, hyperplasia of the bone marrow 
and slight chronic cystitis Sections of the stomach and 
the large intestine were normal The wall of the 
gallbladder was slightly edematous, but there was no 
evidence of an inflammatory process The tracheo- 
bronchial and mesenteric lymph nodes showed hyper- 
plasia but no amebiasis 


not given proper consideration All of these *' 
findings might have called attention to a hepatic *' 
or subdiaphragmatic abscess In addition, the ' 
appearance of the material aspnated from the 
pericardial cavity should, at least m retrospect, » 
have cast doubt on the diagnosis of tuberculous 
pericarditis This material was thin and choc- ‘ 
date colored and corresponded to the character- ’ 
istic description of the contents of an amebic 
abscess of the liver 

Although this fluid was examined by observers 
well acquainted with the appearance of amebas, 
none were found However, the diagnosis of 
amebiasis was not entertained at this time It 
is sometimes stated that amebas are not en- 
countered in the contents of a hepatic abscess J 



92 


ARCHIVES OF INTERNAL MEDICINE 


l 


but appear only in its wall MacCallum 2 pointed 
out that this may be true at the time of the first 
aspiration but aftei the abscess has been exposed 
to air amebas lapidly appear m its contents 
In this case, as has already been descnbed, his- 
tologic examination levealed numerous amelias 
m the necrotic material, as well as m the wall of 
the abscess Of 873 cases of amebic abscess 
of the liver collected fiom the hteratme by 
Ochsner and DeBakey, la amebas were demon- 
strated m the contents of the abscess in 37 8 
per cent Howevei, m their own series of 91 
cases in which such an examination was per- 
formed positive results were obtained in only 
16 5 per cent 

Rupture of an amebic abscess of the liver into 
the lung, the pleural cavity or both is not an 
uncommon complication Ochsner and De- 
Bakey la stated that this may occur in approxi- 
mately 15 per cent of cases In the piesent 
case, an extension of the amebic infection fiom 
the liver into the pencaidium, the right pleuial 
cavity and the lung had occurred Furtheimore, 
the pulmonary amebic abscesses showed exten- 
sive communication with the bronchi, many of 
which contained numerous amebas Thus there 
existed the possibility of a more geneiahzed 
amebic pneumonia involving both lungs and of 
a secondary involvement of the ahmentaiy tract 
by swallowing the organism However, theie 
w as no evidence of such a spread of the infection 

It is of interest that no signs of active or 
healed intestinal amebiasis were encountered in 
this case It should be kept in mind that healed 
lesions m the intestine may be overlooked 

2 MacCallum, W G A Textbook of Pathology, 

Philadelphia, W B Saunders Company, 1932 


The gross and histologic appearance of the 
liver m this case was somewhat unusual It 
was charactenzed by fibrosis which did not con- 
form to any of the usual types of cirrhosis of the 
liver or to that of chronic passive congestion 
On the whole the picture suggested the end stage 
of marked diffuse hepatitis, and one might 
assume that this had been amebic m nature 
Ochsner and DeBakey, 10 m discussing the histo- 
pathology of amebic hepatitis, mentioned a 
similar obseivation 

Huaid and Meyei-May lc reported recovery of 
a patient with proved amebic pericarditis sec- 
ondaiy to a hepatic abscess Their patient was 
tieated with open diamage of the peiicardium 
Purcell, 3 as well as Laigiet, 1 reported a case of 
amebic abscess of the liver with signs of peri- 
caidial effusion Their patients recoveied under 
treatment with emetine hydrochloride, but the 
nature of the pericardial fluid was not determined 
It is probable that in these 2 cases only a serous 
pericaidial effusion existed, such an effusion 
was noted in 6 of the 150 cases of abscess of the 
liver repoited by Huard and Meyer-May 

SUMMARY 

In a case of amebic pericarditis subsequent to 
extension of an amebic abscess of the livei, 
the clinical impression was that of tuberculous 
pericarditis, and the diagnosis was established 
only at autopsy 

3 Purcell, F M Case of Amoebic Hepatic Abscess 
and Associated Pericarditis, Tr Roy Soc Trop Med 
& Hyg 31 689 (April) 1938 

4 Laigret, L Pencardite au cours d’une dysenterie 
amibienne, Bull Soc path exot 21 753, 1928 
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It is no longer felt that atypical (viral) pneu- 
monia is always as innocuous as it was originally 
described Many patients have experienced re- 
curring episodes of this disease over a period of 
several years In some the symptoms have con- 
tinued unabated , a productive cough has 
developed, and' the presence of bronchiectasis 
has been confirmed by bronchographic examina- 
tion Other patients have had residual ulcerative 
tracheobronchitis associated with hemoptysis and 
production of sputum These patients may show 
roentgenographic evidence of bronchial and 
bronchiolar dilatation and occlusion, atelectasis 
or obstructive emphysema In others the con- 
valescence has been prolonged and characterized 
by neurasthenia, chronic cough, production of 
sputum, pam m the chest, generalized weakness, 
easy fatigability, occasional hemoptysis, loss of 
weight or failure to regain previous weight lost, 
elevated sedimentation rate and low grade fever 

Twenty-nine of 150 patients having broncho- 
scopic examinations during the first six months of 
1944 were found to have ulcerative lesions of the 
tracheobronchial tree Nine of these patients had 
previous episodes of atypical pneumonia Of the 
others, 6 had the lesions secondary to tuber- 
culosis , 4 had them secondary to bronchiectasis, 
and in 3 they were associated with pulmonary 
abscesses One had blastomycosis and 1 Boeck’s 
sarcoid, and for 5 the cause of the lesions could 
not be determined It is with the 9 patients 
whose ulcerative tracheobronchitis appeared to 
be secondary to previous attacks of atypical 
pneumonia that this paper is primarily con- 
cerned 

Atypical pneumonia is generally believed to 
be due to viral infection, though many pathogenic 
agents have been shown clinically and roentggno- 
logically to be capable of producing this disease 
picture Because of the difficulty m performing 
viral studies, the diagnosis must usually be made 
by exclusion, based primarily on the clinical 
course and the roentgenographic characteristics 

From the Thoracic Surgery Section, Percy Jones 
General Hospital, Battle Creek, Mich 


after the other etiologic agents have been 
eliminated 

Atypical pneumonia in its mild form has been 
frequently described 1 Lately, other observers 2 
have described a more severe, protracted and 
recurrent form of the disease occurring along 
with the milder forms m the same epidemic The 
course may be longei, persisting in some m- 

1 ( a ) Haight, W L, and Trohnger, J H 
Primary Atypical Pneumania, Etiology Unknown, U 
S Nav M Bull 41 988-1000 (July) 1942 (6) Dingle, 

J H , Abernethy, T J , Badger, G F , Buddingh, G 
J , Teller, A E , Langmuir, A D , Ruegsegger, J 
M , and Wood, B W Primary Atypical Pneumonia, 
Etiology Unknown, War Med 3 223-248 (March) 
1943 (c) Zimmerman, J J Viral Pneumonia, Am 

J Nursing 43 141-144 (Feb) 1943 ( d ) Smiley, D 
J , Showacre, E C , Lee, W F , and Ferris, H W 
Acute Interstitial Pneumonitis A New Disease Entity, 

J A M A 112 1901-1904 (May 13) 1939 (r) 

Murray, M E, Jr Atypical Bronchopneumonia of 
Unknown Origin, New England J Med 222 565-573 
(April 4) 1940 (/) Suttenfield, F D Primary 

Atypical Pneumonia (Virus Pneumonia), Mil Surgeon 
93 360-364 (Oct ) 1943 (g) Grieco, E H , Cove, A 
M , and Klein, E C Pneumonia A Survey of One 
Hundred and Six Cases, ibid 93 364-367 (Oct ) 1943 
(h) McCarthy, P V Primary Atypical Pneumonia 
of Unknown Etiology, Radiology 40 344-346 (April) 
1943 

2 (a) van Ravenswaay, A C , Erickson, G C , 

Reh, E P , Siekierski, J M , Pottash, R R , and 1 
Gumbmer, B Clinical Aspects of Primary Atypical j 
Pneumonia, JAMA 124 1-6 (Jan 1) 1944 ( b ) , 
Reimann, H A An Acute Infection of the Respira- | 
tory Tract with Atypical Pneumonia Disease Entity 
Probably Caused by a Filtrable Virus, ibid 111 
2377-2384 (Dec 24) 1938 (c) Reimann, H A , 

Havens, W P , and Price, A H Etiology of Atypical 
(“Virus”) Pneumonias, Arch Int Med 70 513-522 j 
(Oct ) 1942 (d) Reimann, H A Viral Pneumonias, j 
Bull New York Acad Med 19 177-181 (March) i 
1943 (e) Kneeland, Y, and Smetana, H F Current i 

Bronchopneumonia of Unusual Character and Unde- 
termined Etiology, Bull Johns Hopkins Hosp 67 
229-268 (Oct) 1940 (/) Correll, H L, and Cowan, 

I I Primary Atypical Pneumonia, U S Nav M Bull 
41 980-987 (July) 1943 (g) Hufford, C E , and 
Applebaum, A A Atypical Pneumonia of Probable 
Virus Origin, Radiology 40 351-359 (April) 1943 
(h) Longcope, W T Bronchopneumonia of Unknown 
Etiology (Variety X), Bull Johns Hopkins Hosp , 
67 268-305 (Oct ) 1940 ( 1 ) Smiley and others 1(1 (;) 
Grieco, Cove and Klein 

93 
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stances for months and occasionally being fol- 
lowed by complications Van Ravenswaay and 
bis associates 2a have stressed the virulent aspect 
of this disease Twenty-three and three-tenths 
per cent of their patients allowed to get up too 
soon had a recurrence of the pneumonia, and an 
additional 18 5 per cent had other complications, 
such as pleural fluid, empyema, chronic bron- 
chitis and bronchiectasis In my series there 
have been 20 patients in whom bronchiectasis 
developed after atypical pneumonia, 11 have 
had empyemas, and 9 have had residual ulcera- 
tive tracheobronchitis Many others have had a 
delayed convalescence, characterized by neuras- 
thenia, loss of weight, easy fatigability and 
chronic bronchitis It is impossible to determine 
the general incidence of complications, for most 
patients were transferred to this hospital after 
the complications developed 

In a previous report 3 it was shown that 
atypical pneumonia may cause bronchial and 
bronchiolar infection and occlusion The bron- 
chial occlusion, manifested by areas of atelectasis, 
was demonstrated bronchoscopically by swollen, 
edematous and ulcerated mucous membrane, as 
well as by plugs of purulent exudate Although 
ulcerations of the tracheobronchial tree have been 
shown microscopically in patients who died of 
atypical pneumonia, it is not generally realized in 
clinical piactice that atypical pneumonia may be 
associated with or followed by ulcerative tracheo- 
bronchitis, recognizable bronchoscopically This 
condition may account for the delayed con- 
valescence, the symptoms of chronic bronchitis 
and hemoptysis and the recurring episodes of 
the disease noted m many patients Roentgeno- 
Jogically, evidence of bronchiectasis, atelectasis 
or obstructive emphysema may be noted, depend- 
ing on the duration, severity and degree of 
healing of the disease process For other patients 
the roentgenogram of the chest may be normal 
Bronchoscopic examination of a patient with 
atypical pneumonia by Clerf, as reported by 
Reimann, showed diffuse inflammation of the 
entire tracheobronchial tree, particularly of the 
bronchus of the lower lobe of the left lung, which 
contained tenacious exudate Dingle and his as- 
sociates lb described the bronchoscopic observa- 
tions m 10 patients with atypical pneumonia 
There was an acute inflammatory reaction of the 
bronchial mucosa, with considerable congestion 
The secretion was mucoid to mucopurulent 
According to Blades and Dugan, 4 the appearance 

3 Kay, E B Bronchiectasis Following- Atypical 
Pneumonia, Arch Int Med 75 89-104 (Feb ) 1945 

4 Blades, B , and Dugan, D J Pseudo Bronchi- 
ectasis Following Atypical Pneumonia, Bull U S 
Army M Dept, November 1943, no 70, pp 60-68 


of the bronchial tree m a person with pseudo- 
bronchiectasis after atypical pneumonia is char- 
acterized by an extremely edematous mucous 
membrane, with a generalized inflammatory 
reaction which might be described grossly as 
suppurative bronchitis It has not been my 
privilege to perform bronchoscopic examinations 
on many patients during the initial acute episode 
of atypical pneumonia Those who have been 
so examined have shown diffuse inflammation of 
the mucous membiane, involving the larynx, 
trachea and both bronchial trees The majority 
of patients with ulcerative tracheobronchitis have 
been transferred to this hospital several months 
after the onset of the disease and occasionally 
as long as six months to a year and a half after- 
ward 

Bronchoscopic examination of patients with 
ulcerative tracheobronchitis following atypical 
pneumonia reveals the mucous membrane of the 
larynx, trachea and both bronchial trees to be 
severely inflamed and irritated If the process 
is relatively acute, the mucous membrane is 
easily traumatized The ulcerations are usually 
multiple and may be bilateral The posterior and 
posterolateral walls are the sites usually involved, 
but the anterior wall may also be involved to a 
lesser extent The ulcerations simulate the 
“tear drop” ulcer commonly found in tuber- 
culosis, for which they could easily be mistaken 
Occasionally the edges of the ulcer are ragged 
and hyperplastic This hyperplasia could cause 
bronchial occlusion and atelectasis if the ulcer 
were located near a bronchial orifice Usually, 
however, the borders of the ulcers are smooth, 
with only a little overhanging edge The ulcers 
may be covered by a thin transparent grayish 
yellow membrane Cultures of materials taken 
from such ulcers have not contributed to the 
diagnosis, only the usual bacterial flora being 
obtained Facilities have not allowed viral 
studies Biopsy of the ulcers and surrounding 
tissues has revealed nonspecific granulation tis- 
sue and inflammation If the process is of long 
duration, it may be associated with scarring and 
stenosis of the secondary bronchial orifices, giv- 
ing rise to obstructive emphysema and atelec- 
tasis The ulcers are readily cauterized with 30 
per cent solution of silver nitrate, whereas the 
intervening mucous membrane remains un- 
changed The ulcerations tend to remain chronic 
and resistant to therapy Healing usually takes 
place within a period of two to four months 

Diagnosis — The diagnosis depends on the 
detection of ulcerations in the tracheobronchial 
tree m a patient who has or has had atypical 
pneumonia and residual symptoms therefrom 
The patient may have a chronic productive bron- 
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chitis with hemoptysis and recurrent episodes 
of pneumonitis or nonresolution of pneumonitis 
with roentgenographic or bronchographic evi- 
dence of bronchial or bronchiolar damage Since 
it is frequently impossible to make a positive 
diagnosis as to the cause of the ulcers because 
of the difficulty in performing viral studies, this 
diagnosis must remain a clinical one, made aftei 
other etiologic agents capable of producing 
tracheobronchial ulcerations have been thor- 


tive granulomas, particularly to tuberculous 
granulomas, have been the most difficult to dif- 
ferentiate bronchoscopically 

Differential Diagnosis — Ulcerative tracheo- 
bronchitis associated with atypical (viral) pneu- 
monia may be indistinguishable bronchoscopically 
from similar superficial ulcerations due to 
Boeck’s sarcoid (fig 1 A), from the chronic 
infective granulomas (fig 1 B) or from the bron- 
chomycoses (fig 1C) Bacteriologic and path- 



Fig 1 — Roentgenograms of patients with other bronchopulmonary diseases who also had ulcerative lesions 
of the bronchi simulating those seen bronchoscopically m atypical pneumonia A, involvement of the pulmonary 
and hilar lymph nodes seen m Boeck’s sarcoid There was pathologic -verification of the diagnosis by exam- , 
ination of the lymph nodes by biopsy and by bronchoscopic biopsy B, pulmonary tuberculosis of the apex of 
the right lung, acid-fast tubercle bacilli were obtained from the sputum C and D, pulmonary and osseous 
involvement resulting from blastomycosis, D illustrates the appearance of the chest six months after C was ' 
taken, showing the definite improvement The patient had a temporary interruption of the left phrenic nerve 
and removal of the fourth metatarsal bone and the proximal phalanx He was given sulfonamide drugs 
for three months and was discharged clinically well 

oughly investigated and excluded So far, cul- ologic investigation m these diseases, however, 

* tures of intrabronchial materials and biopsy have has usually proved the cause Early or super- , 
not aided High titers of cold agglutinins m the ficial ulcerative tuberculous tracheobronchitis 
serum have been of presumptive value Tracheo- most closely simulates this condition broncho- 
bronchial ulcerations secondary to chronic mfec- scopically, although it tends to be even more ’ 
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chronic and resistant to therapy Careful search 
for the tubercle bacillus by repeated cultures and 
inoculations m guinea pigs of sputum and gastric 
washings results in a positive diagnosis for a 
high percentage of tuberculous patients The 
nonspecific inflammations and pyogenic ulcera- 
tions associated with bronchiectasis and pulmo- 
nary abscesses can readily be differentiated by 
the clinical course of these diseases 

Treatment — A general hygenic regimen is 
followed The patient is given complete rest m 


ondary bronchi are sponged with tetracaine and 
epinephrine hydrochlorides solution to improve 
drainage and the ulcerations are cauterized with 
30 per cent silver nitrate The daily instillation 
of 3 to 5 cc of penicillin (250 units to the cubic 
centimeter) into the tracheobronchial tree was 
thought to be of definite value in promoting more 
rapid healing In subsequent cases, the concen- 
tration of penicillin has been increased to 10,000 
units to the cubic centimeter, with evidence of 
further benefit After a period of approximately 



Fig 2 (case 1) — Roentgenograms of a patient with recurring attacks of atypical (viral) pneumonia, ulcera- 
tive bronchitis and cyhndric bronchiectasis of the lower lobe of the left lung A, roentgenograplnc evidence of 
pneumonitis in the lower field of the right lung during the initial attack of atypical pneumonia Jan 18, 1943 
B, roentgenograplnc evidence of pneumonitis in the lower field of the left lung during a recurrent episode 
of atypical pneumonia Jan 4, 1944 C, bronchogram made June 4, demonstrating minimal cyhndric bronchi- 
ectasis in the lower lobe of the left lung D, bronchogram made August 8, demonstrating no appreciable 
improvement m the bronchial dilatation even though there was considerable improvement in the ulcerative 
bronchitis shown bronchoscopically 


bed except for bathroom privileges, a high vita- 
min, high caloric diet and inhalations of steam 
or benzoin If there is a productive cough, pos- 
tural drainage is employed The patient is exam- 
ined bronchoscopically every four weeks, at 
w hich times the bronchial orifices of the sec- 


one or two months of this regimen, the patient 
usually gams weight, the cough decreases oi 
disappears, and a sense of well-being is noted 
When the lesions appear bronchoscopically to be 
healing and the sedimentation rate becomes or 
remains normal, the patient is gradually allowed 
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more activity but continues to have midniornmg 
and midafternoon rest periods until complete 
healing has taken place The ulcerations are 
usually healed within two to four months 

REPORT OF CASES 

Only 4 reports of cases will be presented 
These are characteristic of the group as a whole 
and illustrate the various clinical, roentgeno- 
graphic and bronchoscopic aspects of the disease 
All of the patients in these cases had two to four 
previous episodes of atypical pneumonia, which 
were all followed by chronic productive bron- 
chitis and general debility Three patients noted 
hemoptyses The first case report illustrates 
migratory atypical pneumonia followed by 
bilateral ulcerative tracheobronchitis and bron- 
chographic evidence of cylmdric bronchial dila- 
tation The second rs similar but emphasizes 
atelectasis The third describes the complications 
of bronchostenosis and obstructive emphysema 
The fourth demonstrates ulcerative bronchitis 
with no roentgenographic evidence of pulmonary 
residua 

Case 1 — The patient, a 20 year old white youth, com- 
plained of a constant productive cough, loss of weight 
and nervousness The past history was noncontributory 
During childhood he had had scarlet fever, mumps, 
measles, whooping cough and chickenpox The patient’s 
health prior to his induction into the army was good 
Two weeks after induction, Jan 18, 1943, he contracted 
atypical pneumonia in the lower lobe of the right lung, 
characterized by chills, a temperature of 104 F , a 
productive cough and substernal pain The white blood 
cell count was normal, and examination of the sputum 
showed only the normal flora Physical examination 
revealed nasopharyngitis and rales in the right lower 
pulmonary field posteriorly There was roentgenographic 
evidence of basilar pneumonitis on the right side (fig 
2 A) The temperature was normal in five days, but 
the cough, sputum and general weakness persisted 
After eight weeks’ hospitalization the patient was 
discharged to duty Fie continued to have a cough and 
to raise sputum, but the symptoms were not sufficient 
to require his hospitalization On October 29 the patient 
was rehospitahzed for bilateral basilar pneumonitis, 
demonstrated by clinical and roentgenographic examina- 
tion The productive cough and substernal pain in- 
creased His temperature at this time never went over 
101 F The sedimentation rate was 22 mm in sixty 
minutes, and the white blood cell count was 6,100 The 
rales disappeared after three days, and within twelve 
days the chest was clear roentgenologically 
After four more weeks the patient was again returned 
to duty The cough, sputum and general weakness con- 
tinued On Jan 4, 1944, the patient again experienced 
an increase in the cough and sputum and complained 
of pain in the left side of his chest and was rehos- 
pitahzed The temperature was 103 4 F , the white 
blood cell count 7,800 and the sedimentation rate 26 mm 
m sixty minutes The throat was' injected, and there 
were numerous coarse rales throughout the lower 
posterior field of the left lung Roentgenograms showed 
pneumonia in the left base (fig 2 B) By January the 
pulmonary fields were again clear He returned to duty 
March 23 


In May there was a fourth recurrence of the pneu- 
monia, as before in the lower fields of the left lung, 
and he was transferred to Percy Jones General Hospital 
Physical examination revealed moist rales throughout 
both pulmonary fields, more predominant on the left side 
The patient showed evidence of loss of weight and gen- 
eral debility There was a low grade elevation of 
temperature, up to 99 4 F , daily The patient com- 
plained of substernal pain and pam throughout both sides 
of his chest He had a persistent cough and raised 
between 20 and 30 cc of purulent sputum daily 
Smear, culture and inoculations in guinea pigs showed 
no growth of tubercle bacilli but did grow hemolytic 
streptococci and nonhemolytic Staphylococcus aureus 
The white blood cell count was 6,600 and the sedimenta- 
tion rate 29 mm in sixty minutes Cold agglutinins 
were present in a titer of 1 to 128 Because of the 
suggestive evidence of bronchiectasis, a bronchogram 
was made June 4, which showed cylmdric bronchiectasis 
m the lower lobe of the left lung and several areas of 
bronchial dilatation m the lower lobe of the right lung, 
as demonstrated in figure 2 C Bronchoscopic examina- 
tion on June 27 showed diffuse inflammatory hyperemia 
of the larynx, trachea and both mam bronchi Through- 
out the entire left mam bronchus and, to a lesser extent, 
in the right main bronchus were multiple areas of 
superficial ulcerations, some of which had the “tear 
drop” appearance while others appeared shaggy and 
hyperplastic 

The ulcerations were thoroughly cauterized with 30 
per cent silver nitrate solution After this procedure 
the patient was treated as outlined m the section on 
treatment The cough gradually decreased, as well as 
the production of sputum The sedimentation rate by 
August 8 had decreased to 7 mm in one hour Rales 
persisted throughout both pulmonary fields, predomi- 
nantly on the left, until August 1 Bronchoscopic exam- 
ination August 21 showed definite improvement in the 
degree and extent of the ulcerative tracheobronchitis, 
that on the right side being almost entirely healed and 
that on the left side considerably improved Bron- 
chographic examination August 8 (fig 2D) showed no 
significant improvement of the cylmdric bronchial 
dilatation 

A gam in weight and a sense of well-being have 
been noted The productive cough is noticeably im- 
proved but is occasionally present The sputum now 
does not exceed 5 cc in amount daily 

Case 2 — The patient, a 51 year old officer, was hos- 
pitalized elsewhere for two weeks in November 1943 
for an infection of the upper respiratory tract The past 
history was entirely noncontributory There were few 
symptoms referable to the lungs A roentgenogram 
of the chest taken November 9 showed massive 
atelectasis of the lower lobe of the right lung, with an 
elevated diaphragm and mediastinal shift By November 
16 there had been spontaneous clearing of the lobar 
atelectasis It was felt that the patient had had a mild 
attack of atypical pneumonia 

The patient was returned to duty and felt entirely well 
until December 19, at which time a productive cough 
developed and he was again hospitalized There were 
4 or 5 ounces (120 or 150 cc ) of purulent sputum daily 
The temperature was elevated to 104 F for four days 
and gradually fell by lysis Atelectasis of the lower lobe 
of the right lung was again noted (fig 3 A), and a new 
pneumonic process had developed in the base of the left 
lung Also, there was an increase m the obliterative 
pleuritis, resulting m elevation and flattening of the left 
side of the diaphragm Within a week, as before, there 
was spontaneous clearing of the atelectasis, but the 
process in the lower lobe of the left lung persisted for 
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the next month (fig 3B), associated with basilar rales 
on this side The productive cough disappeared 

The patient was then transferred to Percy Jones 
General Hospital Bronchoscopic examination per- 
formed Jan 24, 1944, showed, erythematous granular 
mucous membrane with several small superficial areas 
of ulceration in the bronchus of the lower lobe of the left 
lung, while the bronchus of the lower lobe of the right 
lung showed extensive ulceration of an acute nature, 
with some diminution of the bronchial lumen The 
bronchial ulcerations were thoroughly cauterized with 
30 per cent silver nitrate solution Because of the 
suggestive evidence of bronchiectasis, bronchographic 
examination was performed January 31, and damaged, 
dilated and somewhat distorted bronchi and bronchioli 
were noted in the bronchograms (fig 3 C) The patient 
was treated according to the procedure previously out- 


characterized by fever, cough and generalized weakness 
of two days' duration The past history was non- 
contributory His temperature on his admission to the 
hospital was 103 4 F The white blood cell count was 
5,000, with a differential count of 65 per cent poly- - 
morphonuclear leukocytes, 27 per cent lymphocytes, 4 per 
cent monocytes and 4 per cent eosinophils The patient N 
appeared extremely ill and was dyspneic, and rales could \ 
be heard in the right lower pulmonary fields posteriorly 
A roentgenogram revealed pneumonic infiltration at the 
base of the right lung Treatment with sulfadiazine 
was started immediately but was discontinued after three 
days because of no alleviation of the fever 
By March 3 there were rales throughout both pul- 
monary fields Roentgenographic examination at this 
time showed patchy areas of pneumonitis throughout 
the right lung and m the left lular region (fig 4 A) 



Fig 3 (case 2) — Roentgenograms of a patient who had two attacks of atypical pneumonia associated with 
ulcerative bronchitis, atelectasis of the lower lobe of the right lung and residual bronchial damage of the lower lobe 
of the left lung A, evidence of the elevated right side of the diaphragm associated with atelectasis in the base of the 
right lung and pneumonitis m the base of the left lung Dec 19, 1943, B, roentgenogram made December 26, 
demonstrating spontaneous clearing of the atelectasis of the lower lobe of the right lung but some increase in the 
pneumonitis in the left lower pulmonary field, C, bronchogram made Jan 31, 1944, demonstrating dilated and 
distorted bronchi of the lower lobe of the left lung , D, bronchogram made March 21, demonstrating slight increase m 
the bronchial dilatation The ulcerative bronchitis appeared bronchoscopically to be healed at this time 


lined A second bronchoscopic examination, on March 
11, showed complete healing of the previous ulcerative 
bronchitis However, bronchographic examination 
March 21 (fig 3D) showed a slight increase m the 
bronchial dilatation ' 

Additional bronchograms obtained later showed this 
process to be stationary 

Case 3 — The patient, a 25 year old man, was hos- 
pitalized elsewhere Feb 17, 1943, for atypical pneumonia, 


Dyspnea and cyanosis were so severe as to require 
oxygen therapy There was only a moderate amount 
of sputum, and this was negative for pathogenic organ- 
isms, including tubercle bacilli There was hemoptysis 
on one occasion Clinical and roentgenographic exam- 
ination of the chest showed clearing of the multiple areas 
of pneumonia, except for those m the base of the right 
lung, by April 19 (fig 4B), and these were clear by 
May 6 
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Fig 4 (case 3) — Roentgenograms of a patient with recurring attacks of atypical pneumonia, bronchoscopic 
evidence of ulcerative tracheobronchitis, with multiple sites of bronchostenosis on the right side and residual 
obstructive emphysema of the right lung A, roentgenographic evidence of bilateral pneumonitis during the 
initial episode of atypical pneumonia March 3, 1943, mediastinal shift to the right side is noted B, roentgeno- 
gram made April 19, showing clearing of the bilateral pneumonitis except m the base of the right lung Mediastinal 
shift to this side is still present C, roentgenogram taken Jan 18, 1944, showing evidence of emphysema of the right 
lung D, bronchogram taken April 15, demonstrating generalized tubular dilatation of the smaller bronchi of the 
f right lung, with apparent occlusion of the terminal ends proximal to the emphysema, this was interpreted to be due to 
inflammation, mucous plugs or scarring and resulted in a ball valve mechanism accounting for the emphysema E 
and F , roentgenograms demonstrating obstructive emphysema of the left lung m another patient having ulcerative 
bronchitis with multiple sites of bronchostenosis, as did the patient whose bronchogram is shown in D, but no definite 
evidence of previous attacks of atypical pneumonia 
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The patient then returned to duty but noted a chronic 
moderately productive cough and weakness On July 
26 he was again hospitalized for a productive cough, 
dyspnea on exertion and pain in the right aspect of the 
chest Physical examination showed diminished breath 
sounds and resonance over the entire right aspect of the 
chest and the presence of a friction rub in the right 
axilla The blood count was normal, as was the 
roentgenogram of the chest After several weeks he 
again returned to duty and remained moderately well 
except for the productive cough, dyspnea and weak- 
ness 

On Jan 18, 1944, the patient was again hospitalized 
for what was diagnosed as a “cold” and fever of two 
days’ duration Roentgenograms at tins time revealed 
emphysema of the right lung (fig 4 C) Physical 
examination revealed rales throughout the right 
pulmonary field and the presence of diminished breath 
sounds and hyper-resonance in the same area Broncho- 
grams (fig 4 D) revealed generalized dilatation of 
the smaller bronchi on the right side with apparent 
occlusion of the terminal ends This prevented the 
iodized poppyseed oil from entering the distal bronchioli 
and alveoli Those that did fill appeared emphysematous 
The occlusion of the terminal ends of the bronchi 
was presumed to be due to inflammation, mucous plugs 
or scarring Apparently a ball valve mechanism had 
resulted from the disease? process A diagnosis of 
emphysema of the middle and lower lobes of the 
right lung secondary to atypical pneumonia was made, 
and the patient was then transferred to Percy Jones 
General Hospital 

Physical examination showed the same conditions as 
those just described Because of the previous history 
of atypical pneumonia followed by a productive cough 
and evidence of emphysema, bronchoscopic examina- 
tion was done May 19 This showed considerable 
tenacious mucous exudate in the right main bronchus 
and about the bronchial orifices, the surfaces of the 
mucous membranes were hyperemic and inflamed 
There were multiple superficial ulcerations on the 
posterior and posterolateral walls, extending from 
1 to 2 cm below the bronchus of the upper lobe of 
the right lung down to the secondary bronchial 
orifices of the lower lobe of the right lung There was 
definite partial stenosis of the orifices of the bronchi 
of the secondary, mediastinal, vertebral and dorsal 
lobe, as well as of the bronchus of the middle lobe 
These bronchial orifices varied from approximately 
the size of a pinpoint to 2 mm in diameter 

All of the sites of bronchostenoses were , dilated, and 
the ulcers were cauterized The patient was given the 
general treatment described previously A second 
bronchoscopic examination, done a month later, showed 
some healing of the bronchial ulcerations, but the sites 
of the bronchostenoses had again returned to their 
previous caliber During the interim there was some 
decrease in the cough and the production of sputum 
but no apparent change in the moentgenographic and 
clinical evidence of emphysema The patient was dis- 
charged from the army before further therapy could 
be carried out r , 

Figures 4 E and 4 F show the roentgenograms of 
another patient who had rfiore pronounced evidence 
of obstructive emphysema and also bronchoscopic? 
evidence of ulcerative bronchitis and multiple sites of 
bronchostenosis of the secondary bronchi sirhilar to" 
those of the patient described 1 *■ 


Case 4 — The patient, a 36 year old medical officer, 
was admitted to Percy Jones General Hospital July 
21, 1944, with the history of bilateral atypical pneu 
moma in 1941 which had the typical roentgcnograpluc 
appearance and clinical course This had cleared after 
four to six weeks without residua In childhood the 
patient had had mumps, smallpox, chickcnpox and 
whooping cough He remained healthy until April 1944, 
at which time he was hospitalized for a “chest cold” 
associated with chills, a temperature of 101 4, headache 
and pain m the right side of the chest and the sub- 
sternal areas Physical examination revealed naso 
pharyngitis and evidence of rales in the right pulmonary 
field m the posterior axillary line at the level of the 
seventh and eighth ribs Roentgenograms of the chest 
showed nothing abnormal 
In forty-eight hours the rales had disappeared, the 
patient felt well, and he was discharged to duty 
Within three days a sore throat, cough, sputum and 
a low grade fever again developed He was hospitalized 
for one week, during which time thorough examinations 
of the sputum for pyogenic organisms, tubercle bacilli 
and coccidioides were made without result 

On June 2 the patient was again hospitalized for 
chills, a temperature of 101 4 and pain in the right side 
of the chest Examination of the chest revealed coarse 
rales throughout both pulmonary fields Within two 
days the temperature was again normal and the patient 
felt better, but a productive cough developed that was 
associated with hemoptysis on three or four occasions 
Roentgenograms of the chest showed evidence of pneu- 
monitis in the right cardiophrenic angle of the right 
pulmonary field This gradually disappeared over two 
weeks’ time, but rales persisted posteriorly and later- 
ally m the right pulmonary field The white blood 
cell count was 4,500, and the sedimentation rate was 
31 mm in one' hour Examination of the sputum again 
showed no significant organisms 

The patient was then transferred to Percy r Jones 
Hospital There was definite evidence of chronic 
illness, characterized by general debility', nervousness, 
a productive cough and hoarseness The pharynx was 
injected Examination of the chest again revealed the 
presence of inspiratory lales m the right pulmonary 
field posterolaterally Roentgenograms of the chest 
were normal Because of the previous experience of 
finding ulcerative tracheobronchitis following atypical 
pneumonia, a bronchoscopic examination was done 
Julv 27 An inflamed, irritated mucous surface of the 
larynx, trachea and both bronchial trees was noted 
Beginning at the carina on the right side were exten- 
sive ulcerations throughout the entire right main 
bronchus The ulcerations were moderately deep, 
with a slightly overhanging edge Some appeared red, 
while others were covered with a transparent yellowish 
membrane 

The ulcers were examined by culture and biopsy 
and were cauterized with 30 per cent silver nitrate 
solution No pathogenic organisms were grown on 
culture Facilities were not available for viral studies 
The microscopic examination of the tissue showed only 
^nonspecific .inflammation Extensive studies for both 
tuberculosis and fungous infections were done without 
result The white blood cell count remained normal, 
hut the sedimentation rate decreased to 7 mm M 
sixty hiinjttcs ‘There was no evidence of cold agglutina- 
tiotp V) The, 4 >atient was given rest in bed for a month, 
' a high’’ vitamin, high caloric diet with supplementary 
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vitamins and frequent steam inhalations Daily intra- 
tracheal instillation of penicillin was done The pa- 
tient gradually improved , the cough, sputum and 
hoarseness disappeared, and there was an increase in 
appetite and a gain of 10 pounds (4 5 Kg ) in weight 
On September 3 a second bronchoscopic examination 
was done, which showed normal-appearing mucous 
membrane of the larynx, trachea and bronchi There 
was practically complete healing of the ulcerative 
bronchitis except for one small patch, approximately 
12 by 4 mm , on the left posterolateral wall of the 
right main bronchus 

SUMMARY 

Atypical (viral) pneumonia in its more pro- 
tracted and recurrent form was studied This 


disease may be complicated by bronchiectasis, 
empyema, ulcerative tracheobronchitis and de- 
layed convalescence Patients with atypical 
pneumonia may have ulcerative lesions m the 
tracheobronchial tree, and these may be respon- 
sible for the protracted and recurrent forms of 
this disease Bronchoscopic examination is indi- 
cated m the management of such patients, for 
both diagnosis and local therapy General hy- 
gienic therapeutic measures directed to the 
patient are important It is felt that the daily 
instillation of penicillin mtratracheally has been 
of value m promoting moie lapid healing of the 
ti acheobi onclnal ulcei ations 
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In almost every war during the last one 
hundred and fifty years increased numbers of 
cases of jaundice have been observed among 
soldiers According to a repoit in The Bulle- 
tin of the U S Army Medical Department, 1 
“There were 22,569 cases and 161 deaths during 
the Civil War in a total of 2,218,559 troops, 
the disease occurred m troops during the Boer 
War, the War of 1812, the Spanish-Amencan 
War, and World War I ” Similar outbreaks 
were experienced by British troops m the 
Middle East m 1941 and 1942 During the 
late summer and fall of 1943 an epidemic of 
infectious hepatitis began among American, 
British and French troops in the North African 
theater Admissions to the hospital for jaundice 
in this theater, which included Sicily and Italy, 
began to increase m August and September, 
reached a peak during the winter months and 
then began to decline This increasing incidence 
of hepatitis presented an unusual opportunity 
to study the clinical characteristics of a large 
number of these cases and to compare them 
with those seen m various other types of jaun- 
dice 

METHODS and MATERIAL 

During the six month period from Nov 16, 1943 to 
May 16, 1944, a total of 448 patients with jaundice 
were admitted to the gastroenterologic service of a 
general hospital located m Italy Many additional 
patients were admitted to other medical wards, or 
jaundice developed in patients in the surgical wards, 
hence this figure is not a true index of the number of 
patients admitted to this hospital during this period 

Of this total, 196 patients with hepatitis and jaundice 
uncomplicated by other diseases and 42 patients having 
additional diseases simultaneously were studied by means 
of various clinical and laboratory tests This report is 
based on our observations of this group of 238 unselected 
patients with hepatitis and jaundice In addition to 
these, 17 patients with hepatitis without jaundice were 
observed and similarly studied 

Because of the large number of patients under ob- 
servation during a relatively short period, specimens of 
varying size were studied by different clinical and lab- 
oratory tests In addition to a careful clinical history 
and physical examination, we studied some patients by 
weekly determinations of the, icterus index, van den 

1 Epidemic Hepatitis A War Disease, Bull U S 
Army M Dept November 1943, no 70, p 4 


Bergh reaction, urinalysis, bile content of the stools 
and complete blood counts Various special studies, 
such as the hippuric acid test of hepatic function 
according to the gravimetric method of Quick, 2 the 
sedimentation rate according to the method of Win- 
trobe and Landsberg, 3 the coagulation time by the 
capillary tube method, 4 the hetcrophile agglutination 
test and the dark field examination of blood and urine 
for leptospiras and spirochetes, were performed on a 
variable but significant number of patients Examina- 
tions of urine and stools for bile were frequently made 
throughout the course of the disease on all patients 
Each was frequent!} examined for any changes in 
physical conditions, with particular emphasis on the 
degree of icterus, lymphadenopathy, hepatic tenderness 
or enlargement and splenomegaly 

Those studied were patients with hepatitis consecu- 
tively admitted and unselected except that for purposes of 
study an icterus index of at least 16 was arbitrarily set as 
the lower limit indicating the presence of jaundice A 
large number of patients with milder forms of the dis- 
ease were thus excluded, but in the cases reported the 
diagnosis of epidemic hepatitis with jaundice has been 
unquestionably verified 

CLINICAL DATA 

Age, Race and Sex — The average age of the 
101 patients was 23 9 years, the youngest being 
19 and the oldest 38 All were white men 
There were no Negroes m this series Since the 
ratio of Negro troops to white troops m this 
theater is unknown, no conclusion as to this 
apparent racial immunity can be drawn There 
were only 2 women admitted to this hospital 
with jaundice during the six month period of 
this study, however, less than 1 per cent of the 
patients admitted to the hospital during this 
period were women 

Incubation Period — No accurate estimation of 
the incubation period could be made because of 
the lack of any history of known contacts for 
28 per cent of the patients and because of the 

2 Quick, A J The Synthesis of Hippuric Acid 
A New Test of Liver Function, Am J M Sc 185 630 
(May) 1933 

3 Wintrobe, M M , and Landsberg, J W A 
Standardized Technique for the Blood Sedimentation 
Test, Am J M Sc 189 102 (Jan ) 1935 

4 Methods for Laboratory Technicians, U S War 
Department, Technical Manual 8-227, Washington, D 
C, Government Printing Office, Oct 17, 1941, p 28 
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extremely wide range of multiple contacts for the 
remaining 72 per cent Cameron, 5 in his studies 
on 170 patients with epidemic hepatitis observed 
m Palestine in 1940 and 1941, stated the belief 
‘'that the minimum incubation period was thirty- 
two days and in many cases much longer We 
have not been able to add further information 
m regard to the incubation period 

For convenience of description we have sep- 
arated the disease into three phases preicteric, 
icteric and convalescent phases, and each will be 
discussed m detail 

Pteictenc Stage — These data were compiled 
from an analysis of 100 unselected case histories 
The onset of the preicteric stage is variable but 
may be abrupt, with fever, chills, generalized 
myalgia and symptoms common to an infectious 
systemic disease 

Sixty-one per cent of our patients fall into 
this group having a moderately abrupt onset of 
the disease The temperatures ranged from 99 
to 104 6 F for from one to seven days The 
average duration of fever was three days, and 
92 per cent of the patients were febrile for one 
to three days only The temperature was usually 
relatively low and irregular and fell by lysis 
In addition to this type of temperature curve, 3 
patients had a low grade fever, with temperatures 
of 99 to 100 F , which recurred irregularly 
throughout the disease In a few instances it 
would recur in a typically Pel-Ebstem type of 
curve, with an afebrile period of a week or ten 
days followed by a short interval of fever for 
one to three days No other^ cause for the fever 
except the hepatitis could be ascertained in 
these patients The vast majority did not exhibit 
this phenomenon, but in a small percentage it 
was a noteworthy feature 

In the remaining 39 per cent the onset was 
more insidious and was manifested by anorexia, 
nausea, vomiting, weakness, vague gastro- 
intestinal symptoms or a dull aching m the 
right upper quadrant or both upper quadrants of 
the abdomen No fever or chills were noted by 
this group There was a slight tendency toward 
bradycardia during this stage, but this was 
rarely a striking feature 

During the preicteric stage 34 per cent of the 
patients had chilly sensations and an additional 
29 per cent had definite rigors Simultaneously 
with the chills and fever, 32 per cent had symp- 
toms of a mild coiyza, with nasal discharge or 
a nonproductive cough Some stated they felt 
as if they had influenza, and 2 per cent had an 
associated sore throat Early m the course of the 

5 Epidemic Hepatitis or Catarrhal Jaundice, edi- 
torial, JAMA 123 636 (Nov 6) 1943 


disease, prior to the development of a definite 
jaundice, it was almost impossible to distinguish 
this stage from an early atypical pneumonia, 
influenza, nasopharyngitis or malaria 

Anorexia was the most important early differ- 
ential diagnostic guide during this period Al- 
though a frequent symptom of the other diseases 
mentioned, it was not usually so severe and 
well defined as it was in patients with epidemic 
hepatitis Almost from the onset, usually during 
the first few days, anorexia became the outstand- 
ing single symptom and was present m 87 per 
cent of the patients This was frequently associ- 
ated with nausea, which was an important early 
symptom m 84 per cent of the patients, Not 
infrequently even the sight or smell of food 
was sufficient to produce this complaint 

Although anorexia and nausea were frequent, 
vomiting was noted in only 51 per cent, and this 
was never severe at this stage or subsequently 
in the majority of the patients studied 

Pruritus was unusual during the preicteric 
phase but was subsequently noted m varying 
degrees of severity by 39 per cent of the patients 
In only 2 patients was the pruritus severe or 
troublesome 

Diarrhea, usually mild, with three to four 
loose, watery stools without blood, pus or mucus, 
occurred m 33 per cent during the preicteric or 
early icteric phase of the disease This contrasts 
with the 22 per cent in whom a tendency toward 
constipation developed Diarrhea was also en- 
countered frequently in the late icteric stage, dur- 
ing the transition fi om a low fat diet to a regular 
diet At this time a few loose stools were fre- 
quently noted 

Other symptoms developed during this period 
One was a sense of fulness in the epigastrium 
or right and left upper quadrants of the abdomen 
An ache high m the back opposite the liver and 
spleen associated with a dull ache in the hepatic 
area anteriorly is common This was usually 
described as a “dull hurting” which was fre- 
quently worse at night or with riding over rough 
roads in an army vehicle At times, with jarring 
it became severe and sharp and was referred 
to the right shoulder 

“Heart burn,” transitory dizziness, weakness, 
easy fatigability, headache (usually frontal or 
behind the eyes) and pains m the joints without 
objective redness, swelling or increased heat 
were frequently encountered in the early stage 
The average duration of the preicteric stage was 
four and seven-tenths days The frequency of the 
various symptoms m epidemic hepatitis is shown 
in table 1 

During the latter part of the preicteric stage the 
disease pursued one of two courses. Either it 
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remained so mild that jaundice never developed, 
or the patient rapidly became deeply or moder- 
ately icteric 

Ictenc Stage — The transition from the pre- 
lctenc stage to that of a definite icterus was 
chaiactenzed by the appearance of daik amber 
urine and jaundice The jaundice usually fol- 
lowed the febrile period but occasionally devel- 
oped simultaneously with the fever The average 
time for jaundice to appear was four and seven- 
tenths days after the onset of fever but varied 
from one day to as long as several weeks The 
duration of the icterus was variable, langing from 
sixteen days to seven or more months The avei- 
age time for the icterus index to remain abnor- 
mally high (over 12) was thirty-nine and two- 
tenths days 

The maximum degree of icterus was usually 
leached during the first two to three weeks , then 


Table 1 — Incidence of the Piedommant Symptoms 
m One H\indred Patients with Epidemic Hepatitis 



Incidence 

Sjmptom 

(Percentage) 

Anorexia 

S7 

Nausea 

84 

Chills and chilly sensations 

03 

' 

1 Chills 29 


( Chilly 34 

Fever 

01 

Vomiting 

51 

Pruritus 

39 

Myalgia 

34 

Diarrhea 

33 

Coryza (at onset) 

30 

Constipation 

22 

Sore throat (at onset) 

2 


it precipitously fell to a low elevated level, main- 
tained a plateau at the slightly elevated level 
for several weeks and then gradually returned 
to normal The rapidity of the fall in the icterus 
index and the concurrent relief of symptoms 
which accompanied it were frequently dramatic 
This is illustrated in table 4 A rapid rise and 
fall of the icterus index was the rule in the ma- 
jority of the patients The rapid subsidence of 
jaundice, however, was one of the most mislead- 
ing features of this disease, as the underlying 
hepatitis remained active and there was evidence 
of functional hepatic impairment both clinically 
and by the hippunc acid test long after the jaun- 
dice had subsided These data are summarized 
later m this paper 

There was no definite correlation between the 
degree of icterus and the seventy of the hepatitis 
Not infrequently some of the patients with an 
icterus index never higher than 18 throughout the 
course of the disease appeared sicker, and the 


course was more chronic than that of some who 
became deeply jaundiced and had an icterus 
index of over 100 

Dui mg this icteric stage, the patients’ symp- 
toms tended to subside rapidly but there might 
be frequent exacei bations with recurring en- 
largement and tenderness of the liver and occa- 
sionally a second or third rise in the icterus index 
This tendency to relapse after the disease has 
apparently subsided is under certain conditions 
a characteristic feature of this type of hepatitis 

Convalescent Stage — After the jaundice had 
initially subsided to a low elevated level, the 
period of convalescence began This is an ex- 
tremely important period in the treatment of this 
disease, and this stage was characterized by a 
tendency toward frequent relapses The exact 
frequency of relapses in this series is unknown 
because of our inability to obtain adequate follow 7 - 
up studies on the majority of the patients after 
they had been discharged Irom the hospital Re- 
lapses while the patients w'eie still in the hos- 
pital under observation w r ere frequent enough 
for us to observe tw r o precipitating factors 

Relapses were frequently obseived m patients 
in whom an mtercurrent infection of the respira- 
toiy tract developed The severity of the relapse 
seemed to depend on the severity of the infec- 
tion of the respiratory tract In general this type 
of relapse was relatively mild, although associated 
with an exacerbation of the patient’s symptoms, 
transitory hepatic enlargement and a use in the 
icterus index Frequently it w as so transitory that 
the usual course of the disease w r as not greatly 
prolonged 

The second, and moie severe, type of relapse 
was that which resulted fiom too much physical 
exertion prior to the time the hepatitis was com- 
pletely cured The amount of exertion necessary 
to produce this was variable, depending on the 
degree of healing of the hepatitis and the type of 
exertion We have repeatedly seen an exacei ba- 
tion follow the climbing of tw r o flights of stairs 
or a short leisurely walk Running, jumping 
and not infrequently simply iidmg m an army 
vehicle have been precipitating factors The 
rigors of military life and the fatigue of actual 
combat conditions has been a definite factor m 
precipitating a relapse after the patient was con- 
sidered well 

A recurrence resulting from fatigue was char- 
acterized by a dull ache in the region of the liver 
with an occasional sharp cutting pam which might 
be referred to the back or to the right shoulder 
At times the pain in the region of the liver was 
severe and closely simulated that of acute chole- 
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cystitis Rarely pam was experienced m both 
upper quadrants of the abdomen Associated 
with this pam was a return of anorexia, nausea 
and vomiting, usually with an increase in the 
icterus index and bihuria The liver usually en- 
larged and became palpable and tender In an 
occasional patient the liver did not become pal- 
pable, but a transitory hepatomegaly was the rule 
during a relapse There seemed to be some cor- 
relation between the degree of fatigue and the 
severity of the relapse In general, the moie 
fatigue experienced the more severe and pro- 
longed the recurrence 

Those relapses which occurred m patients after 
a return to actual combat duty tended to be more 
severe than those developing m patients while 
they were in the hospital, and not infrequently 
they were more severe than the original attack 
These patients required a prolonged recovery 
period, and m a small percentage a chronic hepa- 
titis developed 

In an attempt to determine why these patients, 
who were seemingly well, tended to have an 
exacerbation on returning to even mild activity, 
various studies were made In these studies it 
was found that the sedimentation rate was fre- 
quently maikedly elevated for several weeks after 
the icterus index had returned to normal and 
that hepatic function, as measured by the syn- 
thesis of hippunc acid, was seriously impaired 
for as long as two months after the icterus index 
had returned to normal The activity of the 
hepatitis and the functional inefficiency of the 
liver ovei such a period would seem to favor 
the development of relapses 

The rapid fall in the icterus index and the 
apparent rapid clinical improvement m these 
patients after treatment is started are treacher- 
ous, misleading and characteristic features of this 
type of hepatitis Residual hepatic damage and 
activity of the hepatitis may pei sist for weeks or 
months after the icterus index has returned to 
normal We feel that this residual activity and 
functional hepatic insufficiency are the basis for 
the tendency to relapse when the hepatitis has 
seemingly subsided 

It is important to realize that the hepatitis is 
not cured in the majority of patients when the 
icteius index returns to normal and the patient 
begins to feel well If cautious, conservative treat- 
ment with the emphasis on rest m bed and ade- 
quate intake of fluids is insisted on for one or two 
weeks after the icterus index has returned to a 
normal level, we believe that most relapses can 
be avoided 01 minimized If this is not done, 
relapses occur f 1 equently and a chronic hepatitis 
may develop 


Physical Examination — The incidence of 
physical findings m 200 patients with infectious 
hepatitis with jaundice is shown m table 2 

The degree of icterus varied from a faint tint 
of the scleras to an orange-bronze discoloration 
of the scleras and skm A few of the patients 
were so deeply jaundiced that they had a dusky, 
cyanotic hue added to the deep yellow color of 
the skm 

Hepatic enlargement is a characteristic feature 
of this disease, and the liver was clinically pal- 
pable in 58 per cent of the patients The degree 
of enlargement was at times striking and has been 
observed a full handbreath below the costal mar- 
gin An enlargement of 1 or 2 fingerbreadths 
below the right costal margin was the rule He- 
patic tenderness was also a common finding, 
being present m some degree m 66 5 per cent of 


Table 2 — Physical Findings in Two Hundred Patients 
with Epidemic Hepatitis with Jaundice 



Incidence 

rinding 

(Percentage) 

Icterus o f skm 

100 

Icterus of scleras 

100 

lymphadenopathy 0 

81 

Axillary 

70 

Inguinal 

54 5 

Axillary and inguinal 

33 

Cervical 

19 

Generalized 

15 5 

Epitrochlear 

6 

Hepatic tenderness 

665 

Hepatic enlargement (palpable) 7 

58 

Conjunctival injection 

27 

Mild 

10 

Moderate 

15 

Intense 

2 

Enlargement of spleen (palpable) 

0 

Injection of palate 

55 

Conjuctival hemorrhage 

2 

Dermatitis 

2 


the patients The degree of tenderness varied 
from a mild sense of soreness to severe pam on 
deep palpation In 33 5 per cent no tenderness 
was noted at any time throughout the course of 
the disease 

Lymphadenopathy, present m some degree in 
81 per cent of the patients, was frequently a 
striking feature The lymph nodes ranged m 

6 In evaluating the lymphadenopathy we carefully 
excluded all patients having abrasions, dermatitis, 
furuncles or other lesions that might have produced a 
similar enlargement of the nodes from a purely local 
cause It is therefore felt that the lymphadenopathy 
is a characteristic feature of this disease 

7 A roentgenogram of the liver and spleen to deter- 
mine the size of these organs was made in 31 cases, and 
both liver and spleen were found enlarged in 26 of 
the 31 cases In 5 cases of hepatitis without icterus the 
roentgenogram has repealed both hepatic and splemc 
enlargement to be present 
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size from that of a small pea to that of an English 
walnut The size and consistency of the enlarged 
nodes varied with the different stages During the 
early part of the disease, the nodes were fre- 
quent^ soft, mushy, freely movable, nontender 
and discrete, later they became firm, smaller 
and shothke There was no tendency toward 
suppuration or matting together The axillary 
and inguinal nodes were most frequently in- 
volved The frequency and location of the lymph- 
adenopathy are listed in table 2 

The spleen was clinically palpable in 9 per 
cent of the patients The splenomegaly was fre- 
quently transitory in the early stages or was 
found later in the more severely ill patients In 
an attempt to evaluate this further, roentgeno- 
grams were made of the liver and spleen to deter- 
mine the size of these oigans in 31 patients at 
varying stages of the disease The liver and 
spleen were found enlarged in 26 of the 31 pa- 
tients thus studied From this evidence it would 
seem that both hepatic and splenic enlargement 
are frequently encountered and are character- 
istic features of epidemic hepatitis 

Conjunctival injection, present in 27 per cent 
of the patients, is of interest in view of its 
reputed importance m the diagnosis of Weil’s 
disease The degree of injection was considered 
to be mild m 10 per cent, moderately severe in 
15 per cent and severe in 2 per cent of the pa- 
tients The cause of the injection of the con- 
junctivas is unknown, but it is doubtful that it 
has any diagnostic significance There was some 
tendency for the degree of injection to coincide 
with the degree of icterus Those patients having 
the highest and most persistent icterus index 
tended to have the more severe conjunctival 
injection Conjunctvial hemorrhages were noted 
m 2 per cent of the patients , these were small 
areas 1 to 3 mm in diameter, located on the 
outer medial part of the bulbar conjunctiva In 
none of these patients exhibiting conjunctival in- 
jection or hemorrhage was it possible to demon- 
strate any type of leptospiras m dark field 
examinations of either the blood or the urine 
Injection of the soft palate was noted m 5 5 
per cent of the patients early in the preictenc 
stage of the disease, and, since a majority of the 
patients were admitted to the hospital after the 
development of jaundice, this may be a more fre- 
quent early observation 

A dermatitis of any type was rare, as only 
5 of the 448 patients had any type of cutaneous 
rash at any time during the course of the hepa- 
titis In 3 of these there was a diffuse, macular 
erythematous rash over the abdomen, the anterior 
part of the chest and the upper extremities This 


type of dermatitis was seen early in the disease 
shortly after or coincidental with the febrile 
period of the preictenc stage The i ash completely 
disappeared within tlnee days in all cases 
In 1 patient a generalized urticaria developed, 
and another had a few petecluae during the icteric 
phase of the hepatitis In none was the rash 
severe or troublesome 

LABORATOR\ STUDIES 

Blood — In an attempt to evaluate the effect of 
this illness on the blood, we studied a group of 
100 patients by means of weekly blood counts 
throughout the course of the disease A sum- 
mary of these data is shown in table 3, which 
gives the aveiage range of the white blood cell 
and differential counts at weekly intervals 
Tbe average range of the white blood cell 
count was 7,149 to 9,975, but the actual range 
varied from a leukopenia of 2,700 to a leukocy- 
tosis of 38,600 It was unusual for the white 


Table 3 — Average Weekly IP lute Blood Cell Count 
and Differential Count of One Hundred Patients 
until Epidemic Hepatitis 


Week 

Initial 

1st 

2nd 

3rd 

4th 

6th 

0th 

Pols morplionuclcar 

Leukocj tes 

■10 5 

50 G 

52 0 

51 3 

49 8 

513 

49 2 

Lymphoej tes 

44 1 

42 5 

41 0 

40 3 

41 G 

39 3 

40 0 

Mononuclear 

Leukocytes 

3 2 

3 7 

30 

39 

37 

50 

65 

Eosinophils 

20 

23 

30 

35 

44 

33 

3 0 

Basophils 

1 0 

09 

10 

1 0 

05 

1 1 

13 

White blood cell 

count 

7,149 ' 

7,751 

7,913 

7,727 

9,2GS 

7,894 

9,975 


cell count to be over 12,000, and only 3 per cent 
of the patients in this group had a leukocyte 
count of over 12,000 The highest white blood 
cell count was noted in the patient who died 
and was probably a reflection of the severe com- 
plications which were observed in this patient 
A leukopenia or a normal white blood cell count 
is considered to be moie chai actenstic of the 
disease The leukopenia is especially character- 
istic during the febrile oi preictenc stage and 
shortly thereafter There was a slight tendency 
in many of the patients for the white blood cell 
count to rise slowly to a high normal value or 
slight leukocytosis as the disease progressed 
throughout its course 

The differential white blood cell count usually 
showed a relative lymphocytosis throughout the 
disease, the percentage of lymphocytes being as 
high as 87 per cent of the white blood cells In 
an occasional patient no increase m the relative 
number of lymphocytes was observed, but this 
was unusual 

There is little if any tendency toward the de- 
velopment of anemia in the average patierU 
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without complications In only 3 per cent of 
the 100 patients studied by repeated examination 
of the red blood cell counts, hemoglobin con- 
tent and hematocrit values was any significant 
anemia noted In 2 of these patients a mild, 
tiansitory anemia developed, which was unex- 
plained and required no treatment The third 
patient had repeated severe hemorrhages from 
a gastritis with large gastric ulcerations and sub- 
sequently died Hemorrhage fiom gastrointesti- 
nal ulcerations, especially if accompanied with a 
pi olonged prothombm tune and coagulation time, 
may result in death Hence it is felt that, al- 
though the tendency toward the development of 
anemia is relatively slight, one should be con- 
stantly on the alert for the development of an 
acute anemia secondary to hemorrhage from the 
gastiomtestmal tract This is the only signifi- 
cant type of anemia seen m this series and oc- 
cuned onh m the patient with a rapidly fatal 
course 


Table 4 — Van den Bergh Reactions and Icterus Indexes 
of One Hundred Patients zoith Epidemic Hepatitis 
( by Week ) 



Direct 

Biphasic 

Indirect 

Average 

Week of 

(Per- 

(Per 

(Per 

Icterus Index 

Disease 

centage) 

centage) 

centage) 

(Units) 

Initial 

37 

G3 

0 

49 4 

Second 

33 

GG 

1 

281 

Third 

14 

SG 

0 

19 G 

I ourth 

2 

95 

3 

16 0 

Tifth 

0 

94 

G 

14 3 

Sixth 

0 

100 

0 

14 1 

Sex enth 

0 

S3 

12 

14 2 


Ictems Index and van den Bergh Reaction — 
One hundred patients were studied by weekly 
determinations of the icterus index and qualita- 
ti\ e van den Bergh reaction All icterus index 
determinations were made by the Bernheim meth- 
od, 8 and the Gibson and Goodrich 9 modification 
of the van den Bergh method was used m this 
study Table 4 illustrates these data 

The initial icterus index was made the day 
following the patient’s admission to the hospital, 
which averaged eight and one-half days after the 
onset of symptoms and three and seven-tenths 
days after the development of jaundice The 
table illustrates the characteristic rapid rise and 
fall of the degree of icterus, followed by a pro- 
longed recover}' period of two to six w eeks before 
again returning to noimal The icterus index w r as 
usually not markedly elevated but ranged from 
a low of 16 to the amazing high of 563 A com- 
paiison ot the van den Bergh reactions reveals 
that thioughout the course of the disease the 

8 Methods for Laboratorx Technicians, 4 p 119 

9 Methods for Laboratorj Technicians, 4 p 120 


biphasic reaction was typical, but during the first 
two weeks a direct van den Bergh reaction was 
observed in over one third of the patients In 
contrast to the frequency of direct reactions dui - 
mg the first two w^eeks, an indirect reaction was 
obtained almost entirely during the period of 
convalescence 


Dark Field Examination joi Leptospn as — 
Because of the fact that the majority of these 
patients w'ere exposed to conditions which fa- 
vored the transmission of Weil’s disease and had 
frequently had to remain for days in wet fox 
holes, it became necessary to rule out Leptospira 
icterohaemorrhagiae, Leptospira camcola and 
other spirochetes as the etiologic agents involved 

Eighty-four dark field examinations of the 
blood for these organisms were made during 
the first ten days of the illness in 76 patients 
Forty-four dark field examinations of the urine 
w ere made for 44 patients after the tenth day of 
the disease In none of these examinations weie 
leptospiras, spirochetes or spirilla demonstrated 
Blood was also cultured repeatedly in Noguchi’s 
medium and incubated at room tempeiature and 
at 37 C under aerobic and anaerobic conditions 
No evidence of growth was observed after sixteen 
days of incubation Intraperitoneal inoculation 
of blood from 2 patients into a guinea pig also 
gave negative results 

Artefact spirochete-like bodies similar to those 
i eported by Schultz 10 were frequently observed 
in over 50 per cent of the dark field examinations 
of the blood These were considered to be arte- 
facts, because they exhibited no active motion, 
were rigid and did not torm spirals and could not 
be grown on any available medium or by inocula- 
tion m guinea pigs They could not be stained 
with polychrome methylene blue or mgrosin or 
by silver impregnation methods These artefacts, 
which were 8 to 10 microns in length and 0 5 
micron in width, are mentioned only to emphasize 
the difficulties encountered and a possible source 
of error in dark field examinations of the blood 
Kuzzell, 11 studying the same epidemic, has re- 
ported somewdiat similar observations 

Hetcroplnlc Agglutination Test— Because of 
certain similarities of this disease to infectious 
mononucleosis, a heterophile agglutination test 
was performed on 18 patients having the highest 
lymphocyte count and most pronounced lymph- 
adenopathy All lesults were negative 


w acnuitz * W The Pseudo Sp.rochaetes 
Derived from Red Blood Cells, J Lab & Clm Med 
8 37a (March) 1923 

11 Kuzzell. W M Artifact Sp lr ochaetes in Infec- 
tious Hepatitis, M Bull Xorth African Theat Op 1 
(Feb ) 1944 
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Fi agility T est — In an attempt to evaluate any 
hemolytic factor that might be present m this dis- 
ease, we studied 66 patients by determining the 
fragility of the red blood cells according to the 
method of Sanford 12 None of these tests revealed 
any increased hemolysis as compared with that 
of the control In fact, a majority of the tests 
revealed an increased resistance of the red blood 
cells to the hypotonic saline solution 

Sedimentation Rate — One hundred and fifty- 
seven patients were studied by means of deter- 
mination of the sedimentation rate according to 
the method of Wmtrobe and Landsberg 5 with 
correction for anemia These tests were per- 
formed at varying intervals throughout the course 
of the disease In this group the sedimentation 
rate was almost invariably elevated after the 
first week of the disease and frequently remained 
persistently elevated throughout the course of the 
illness Not infrequently it remained sharply 
elevated (25 to 30 mm ) for set eral weeks after 
the icterus index had returned to normal, slowly 
returning to a normal level as the hepatitis sub- 
sided or healed The persistently elevated sedi- 
mentation rate after the icterus index had re- 
turned to normal was also compared with the 
clinical evidence of an active hepatitis and with 
evidence of hepatic dysfunction as determined 
by the synthesis of hippuric acid These studies 
indicate that m many of these patients there was 
some residual activity of the hepatitis and con- 
siderable functional impairment of the liver long 
after the icterus index had returned to normal 
In an occasional patient with mild disease there 
was no increase in the sedimentation rate 

Hippuric Acid Test — One hundred and forty- 
three hippuric acid tests of hepatic function were 
performed on 88 unselected patients with infec- 
tious hepatitis at varying stages of the disease 
An analysis of these lesults reveals that there is 
frequently considerable impairment of hepatic 
function, as determined by this test In 21 cases 
the excretion of hippuric acid was repeatedly 
determined throughout the course of the disease 
and for several weeks or months after the icterus 
had subsided These data are summarized m 
table 5 

Only 5 of the 21 patients studied by the hip- 
puric acid test were able, after the administration 
of sodium benzoate, to excrete 3 Gm or more of 
benzoic acid in the form of hippuric acid during 
the period of observation, while the remaining 15 
patients tt ere never able adequately to conjugate 

12 Todd, J C , and Sanford, A N Clinical Diag- 
nosis by Laboratory Methods, ed 10, Philadelphia, W 
B Saunders Company, 1943, p 327 


Table 5 — Serial Studies Comparing the Results of the 
Hippuric Acid Test of Liver Function with the 
Icterus Index, the Sedimentation Rate and the 
White Blood Cell Count in Twenty-One 
Patients with Epidemic Hepatitis 
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Blood 
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Gm 

formal 

Index 
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1 

le 

30 


33 

48 

28 
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25 
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the benzoic acid and ammo acetic acid during this 
period The average period required for these 
patients to approach a normal excretion of hip- 
puric acid was thirty-eight days after the icterus 
index had returned to a normal level of 10 to 12 
The actual range of time required for the func- 
tional capacity of the liver to return to a near 
normal after the jaundice had subsided was from 
one to sixty-four days and m some cases might 
be much longer The exact time required for 
the liver to regain its normal functional efficiency 
is unknown, as it was not possible to follow these 
patients for a longer period This evidence indi- 
cates that at least some functional impairment of 
the liver exists long after the icterus has subsided 
and the patient has seemingly recovered and is of 
importance in explaining why these patients so 
frequently had relapses after the hepatitis was 
apparently cured 

Unfortunately, facilities were not available at 
the time of this study to permit other tests of 
hepatic function to be performed 

Unite — In this series of 448 patients a transi- 
tory albuminuria was noted m only 18 This 
always occurred during the first two weeks of the 
disease and was seen only m the initial urinaly- 
sis following admission m 16 of the 18 patients 
In these 16 patients the albuminuria did not 
persist over two days One patient had a mild 
albuminuria (1 to 2 plus) for seven days, and 
the patient who died had a persistent albumin- 
uria until his death on the sixth day after his 
admission With this exception, the albuminuria 
was never severe and disappeared with rest in 
bed and adequate fluids 

No red blood cells, white blood cells or casts 
were found m the urine of any of these patients, 
and their ability to concentrate urine was un- 
affected 

In contrast to the experience reported by 
Turner and others 13 with postvaccinal hepatitis, 
a high or normal specific gravity of the urine 
was noted m all of our patients having a transi- 
tory albuminuria Determinations of the non- 
protem nitrogen content of the blood weie made 
on all patients having albuminuria, and in only 
the patient who died was this found elevated 

Stools — The stools were carefully observed for 
coloi and bile at weekly intervals for 101 patients 
and less frequently for the remaindei of the 
group Acholic, clay-colored stools were rarely 

13 Turner, R H , Snavely, J R , Grossman, E 
B , Buchanan, R N , and Foster, S D Some Clinical 
Studies of Acute Hepatitis Occurring in Soldiers After 
Inoculation with Yellow Fever Vaccine, with Especial 
Consideration of Severe Attacks, Ann Int Med 20. 
193 (Feb) 1944 


encountered, although some diminution of bile 
pigment was common m the stools of the majority 
of the patients at some time during the course of 
the disease 

Seiologic Reactions — The Kahn reaction of 
the blood was determined on 146 patients on 
their admission to the hospital and was negative 
in all except 3 The reactions of these 3 patients 
remained positive during only the first three 
weeks of the disease and subsequently became 
negative after the icterus subsided These were 
considered false positive reactions, because there 
was no history or evidence of syphilitic infection 
in any of these patients 

Coagulation Time — A small group of patients 
were studied by means of the test for coagulation 
time during the first five weeks of the disease 
The capillary tube method 4 was used Fifty-two 
tests were made at the time of the patients’ admis- 
sion None of these tests revealed an abnormal 
coagulation , tune, the average coagulation time 
being five and nme-tenths minutes Forty-two 
tests were made one week later, five of which 
showed a prolonged coagulation time of over eight 
minutes, the average time being six and one- 
tenth minutes Twenty-seven tests were done 
during the third week, with five showing a pro- 
longed coagulation time and with an average time 
of six and two-tenths minutes During the fourth 
week eight tests weie made, and three of these 
revealed evidence of a prolonged coagulation time, 
the avefage time being six and two-tenths min- 
utes Although the number of tests performed is 
small, there seemed to be an increasing tendency 
toward the development of a prolonged coagula- 
tion time in a small percentage of the patients 
studied 

Prothrombin times were not determined, as 
facilities for this determination were not avail- 
able at the time of this study 

The relative infrequency of a hemorrhagic 
tendency as noted clinically was remarkable m 
this series Only an occasional patient had a 
mild epistaxis, and in only 2 was the bleeding 
sufficiently prolonged to warrant the administra- 
tion of vitamin K In these 2 administration of 
vitamin K seemed to be effective in controlling 
the hemoirhage when other remedies had failed, 
but administration of vitamin K was ineffective 
in the fatal case 

The case history of the 1 fatality in the icteric 
group follows 

REPORT or A CASE 

A 26 year old white officer was admitted to the 
hospital on Dec 23, 1943, with a chief complaint of 
jaundice 
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The patient was m good health until about seven days 
prior to his admission, when, on December 16, he began 
having chills and fever associated with severe head- 
ache, backache and anorexia He was nauseated fre- 
quently but did not vomit These symptoms persisted, 
and very little fluid or food was taken Weakness 
became noticeable Four days before his admission he 
noted that his urine was a dark yellow, and the next 
day jaundice of the skin and scleras was observed for 
the first time On December 21 he was admitted to 
an evacuation hospital, where he remained for two days 
His temperature while he was there varied from 102 
to 103 F The jaundice became progressively deeper, 
the nausea persisted, and little or no fluid was taken 
Malaise, anorexia and nausea continued, and the weak- 
ness became more pronounced 
For two months prior to the onset of this illness the 
patient had a diarrhea consisting of six to eight watery 
stools a day without pus, blood or mucus As he felt 
well in all other respects, this was considered a nuisance 
only, and medical aid was not sought At the onset 
of the illness which brought him to the hospital the 
diarrhea ceased There was no previous history of 
jaundice or of disease of the gallbladder 

Physical examination showed a well developed and 
fairly well nourished man, who was extremely jaundiced 
and who appeared to be acutely ill There w'as evidence 
of extreme weakness in ever} effort made by the patient 
There were a few petechiae scattered over the abdomen 
and the lower part of the back There was evidence of 
moderate dehydration The cervical and axillary lymph 
nodes were moderately enlarged, soft and nontender 
The heart was normal in size, but the sounds w r ere of 
poor quality The lungs w r ere clear The abdomen 
was soft and flat, with slight tenderness in the right 
upper quadrant The liver, spleen and gallbladder were 
not palpable The liver seemed small on percussion 
The blood pressure ivas 100 systolic and 70 diastolic 
The temperature was 99 F, the pulse rate 80 and the 
respiratory rate 20 

Examination of the blood showed a red cell count of 
3,140,000, with a hemoglobin content of 75 per cent 
(Tallqvist) The white blood cell count was 10,250, with 
73 per cent neutrophils, 26 per cent lymphocytes and 1 
per cent basophils The urine, which was not obtained 
until after fluids were given, was a dark amber color 
with a specific gravity of 1 009 There was no albumin 
oi formed elements, but the test for bile elicited a posi- 
tive reaction Culture of the blood, including culture for 
leptospiras and spirochetes on Noguchi’s medium, 
showed no growth A guinea pig was inoculated with 
the patient’s blood, and two dark field examinations of 
the patients serum for leptospiras were made Results 
of all of these procedures were negative The icterus 
index on the patient’s admission was 405, and the van 
den Bergh reaction w’as direct The quantitative van 
den Bergh test showed 1 74 mg of bilirubin Culture of 
the stools and examination revealed no ova or parasites 
The bleeding time w'as five minutes A fragility test 
show ed beginning hemolysis in 0 34 per cent sodium 
chloride solution and complete hemolysis m 0 28 per 
cent This result w'as normal as compared with the 
control 

A roentgenogram of the chest, made with a portable 
apparatus four da>s after his admission, showed passive 
congestion m the pulmonary fields The cardiac out- 
line appeared slightly enlarged The patient was given 
a high carbohjdrate liquid diet, w'hich he tolerated well 
This was supplemented daily by 1,000 cc of an mtra- 
venousK injected 5 per cent dextrose solution, keeping 
his daih fluid intake above 3,000 cc After h} dration 
was accomplished, a repeated examination of the blood 


two days after his admission revealed a red cell count 
of 1,950,000 and a white cell count of 38,600, with 82 
per cent neutrophils and 18 per cent lymphocytes 
Daily transfusions of 500 cc of whole blood were given 
During the first three days the patient seemed slight!} 
improved, in spite of the fact that the watery diarrhea 
had returned There w'as still extreme weakness, with 
headache and backache but with less nausea and vomit- 
ing The icterus of the skm and scleras became deeper, 
and on December 28 the icterus index w’as 526 The 
liver became palpable at the right costal margin The 
diet was supplemented daily by 6 multivitamin cap- 
sules, 14 50 mg of thiamine hydrochloride injected in- 
travenously and 3 5 mg of menadione in oil (vitamin 
K) injected subcutaneously 

On the fourth dav in the hospital he began 
having some abdominal distention, which gradually 
became more pronounced There was also generalized 
abdominal tenderness, but no ascites was detected The 
edge of the liver was palpable 1 fingerbreadth below' 
the costal margin and was tender The temperature, 
wdnch had ranged from 99 to 100 F since his admis- 
sion, lose to 1018 F The patient’s condition became 
progressively worse He was nauseated and retched 
often but did not v omit A Levine tube was inserted 
into the stomach, and 1,000 cc pf dark bloody fluid 
W'as removed The distention was controlled somewhat, 
but after voiding on December 28 he did not void again 
for thirty hours This last specimen was of a dark 
green color, gave a 2 plus reaction for albumin and 
was strongly positive for bile Neither tyrosine nor 
leucine crystals were found An icteric frost was 
observed on the forehead and cheeks The nonprotein 
nitrogen content was 198 mg per hundred cubic centi- 
meters and the icterus index 563 In spite of lus 
steadily declining condition, the patient remained con- 
scious Dulness was noted at the bases of the lungs, 
and a few rhonchi were heard The anemia persisted 
m spite of daily transfusions of whole blood A final 
examination of the blood on December 29 revealed a red 
cell count of 2,250,000 and a white cell count of 34,300, 
with 95 per cent neutropils and 4 per cent lymphocytes 

The patient died on the sixth day in the hospital and 
the thirteenth day of his illness 

PATHOLOGIC DATA 

1 he body w’as that of a w ell developed but poorlv 
nourished, 26 year old white man that came to autopsy 
two hours post mortem 1B The skm was intenselj 
icteric The mam pathologic changes were confined to 
the kidneys, the stomach and the liver 

The left kidney weighed 310 Gm , and the right kid- 
ney weighed 280 Gm The kidneys were dark green 
The cortex measured 08 cm in width The most 
remarkable feature was the abnormal color The corti- 
cal and medullary portions were deep red, in contrast to 
the prominent red striations The stomach contained 
approximately 200 cc of unclotted blood The mucosa 
of the stomach was extremely hemorrhagic The 
remainder of the gastrointestinal tract was essentially 
normal, except for congestion The liver weighed 2,100 
Gm The enlargement was confined primarily to the 
right lobe The liver was deep reddish browm m 

14 According to the label of the package each 
capsule contained 2,500 U S P units of vitamin A, 200 
U S P units of vitamin D, 1 0 mg of thiamin hydro- 
chloride, 1 5 mg of riboflavin, 37 5 mg of ascorbic acid 
and 10 0 mg of nicotinamide 

15 Major David K Gotwald, Medical Corps, Armv 
of the United States, Chief of the laboratory service, 
performed the autopsy and furnished the autopsy report 
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color and of a normal consistency On section the liver 
appeared free of macroscopic areas of necrosis and 
hemorrhage No intrahepatic or extrahepatic biliary 
obstruction was present Except for a moderate en- 
largement of the spleen, the lymphoid elements -were 
not remarkable 

Microscopic Studies — The kidneys revealed an in- 
tense bile nephrosis There were swelling and necrosis 
ot the convoluted tubular cells Great numbers of dense 
pigmented casts were present in the lower segments of 
the nephrons These casts gave a staining reaction for 
bilirubin The stomach showed the presence of a severe 
hemorrhagic gastritis There were a moderately severe 
periportal inflammatory infiltration and a few minute 
areas of necrosis in the liver There was no central 
necrosis of the lobules 

Death m this case was considered to be due to 
uremia resulting from the bile nephrosis occurring m 
the preatrophic stage of epidemic hepatitis Weil’s dis- 
ease was ruled out by the absence of spirochetes in the 
blood and the urine on dark field examination, on 
guinea pig inoculation, on culture and m tissues stained 
for spirochetes Yellow fever was believed to be ruled 
out on morphologic grounds and on the absence of 
exposure 

HEPATITIS WITHOUT JAUNDICE 

Seventeen patients with hepatitis without jaun- 
dice were observed, and undoubtedly the diag- 
nosis was frequently missed during the early part 
of this study The following are the criteria u e 
believe to be the most useful in establishing the 
diagnosis 

The history is of paramount impoitance and is 
no different from that of the usual patient with 
jaundice, except that fever may be negligible 01 
the temperature may be so low that it is unnoticed 
and clinical jaundice never develops 

Anorexia is an early and constant symptom, 
with or without nausea or vomiting 

Vague gastrointestinal symptoms, gaseous 
eructation, ill defined abdominal discomfort 01 
actual pam in the upper part of the abdomen 01 
m the back behind the liver are the rule 

Easy fatigability and lassitude are common 
complaints The history is frequently so vague 
that it is suggestive of a mild anxiety state v ith 
gastric fixation of the neurosis, and this possi- 
bility must be carefully evaluated 

On physical examination the scleras may be 
clear or have a faint, muddy, subicteric tint with 
some conjunctival injection This tint is usually 
so slight that it may be easily overlooked 

The liver is usually enlarged and tender, or 
tenderness only is noted The spleen is frequently 
enlarged 

Lymphadenopathy, especially soft enlarged ax- 
illary nodes, is a helpful finding m most of these 
cases Generalized lymphadenopathy has been 
noted in a few cases 

Laboratory studies re\eal a normal icterus 
index and van den Bergh reaction Occasional!) 


an indirect van den Bergh leaction is noted The 
white blood cell count is either normal or model - 
ately elevated, to around 12,000 A lelative 
lymphocytosis is the rule 

Urinalysis reveals an increase in urobilinogen 
or a trace of bile early in the disease, but these 
usually disappear quickly with rest m bed and 
adequate fluids 

In addition to these laboratory aids, we have 
found that a roentgenogram of the hvei and 
spleen may aid in determining the presence of 
hepatic or splenic enlargement that could not be 
palpated on physical examination 

Hippuric acid tests were made on 7 ot the 
patients with hepatitis without icterus These 
frequently indicated extensive functional lmpan- 
ment of the liver (1 to 15 Gm excretion) but 
usually only a moderate or slight functional in- 
efficiency was noted Foi an occasional patient 
the excretion of hippuric acid was entirely normal 
It is our feeling that a combination of the chai- 
acteristic history and the characteristic physical 
features, when associated with these laboiatoiy 
changes, is sufficient to provide the diagnosis of 
this syndrome 

The diagnosis is not difficult dui mg an epi- 
demic, when one sees all -variations ot the same 
disease from the very mild to the most seieie 
It should not be difficult to make the diagnosis 
if one is aware of the fact that such an entity 
does exist The clinical course is usuall) mild, 
and all symptoms tend to subside rapidl) with 
rest m bed The average duration of the illness 
m this group was three weeks, but it may be pro- 
longed by inadequate rest oi by excessive physical 
exertion prior to complete healing of the hepatitis 
The following case histories are presented to 
illustrate the characteristic findings in this syn- 
drome 

REPORT 01' CASES 

Case 1 — A 22 year old white man was admitted to 
the hospital on May 8, 1944 with the following history 
He felt well until ten days prior to his admission, 
when he first noted a temperature of 99 6 F and fre- ! 
quent chilly sensations The chilly sensations and low 
grade fever persisted for three days Simultaneously 
pronounced anorexia, nausea and occasional \omitmg 
developed, and his urine became darker, but it was clear- 
ing at the time of admission During this period he was ’ 
seen frequently by his medical officer, and two blood 
smears w'ere negative for malaria parasites No jaundice- 
was noted He continued to perform his duties, but 
extreme weakness and fatigability necessitated his 
admission to the hospital 

There was no history of malaria or any past Iiistorv 
of a similar illness Renew by systems showed no 
abnormality 

Examination revealed a well developed and well 
nourished white man, who did not appear acutely ill 
The physical examination revealed normal conditions 
except for an enlarged tender liver, which extended * 
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3 fingerbreadths below the right costal margin The 
liver was smooth and firm, without nodules, and was 
rather tender There was no icterus of the scleras or 
skin The spleen was not felt, and there was no lymph- 
adenopathy The temparature, pulse and respirations 
were normal 

Laboratory studies on his admission revealed an 
icterus index of 7 The van den Bergh reaction was 
negative The red blood cell count was 4,500,000, hemo- 
globin content 90 per cent and white blood cell count 
4,950, with 45 per cent neutrophils, 51 per cent lympho- 
cytes, 4 per cent basophils and 1 per cent monocytes 
The urine gave a negative reaction for bile but gave a 
positive reaction for urobilinogen m a dilution of 1 to 
40 A luppuric acid test of hepatic function on the 
eleventh day of his illness revealed a synthesis of 2 80 
Gm The Kahn reaction of the blood was negative 
Course — During the first week of hospitalization the 
patient improved rapidly and had no further nausea 
or vomiting Anorexia ceased after ten days, and the 
liver was not palpable after the first week No icterus 
developed clinically, and the icterus index on May 23 
was 7, with a negative van den Bergh reaction Uro- 
bilinogen was present in the urine in a 1 10 dilution on 
the nineteenth day in the hospital Roentgenograms of 
the gallbladder were made and disclosed a normal 
functioning gallbladder without stones The course Mas 
uneventful, and the patient M'as returned to duty on the 
twenty-first day of hospitalization He was asympto- 
matic at this time, and jaundice had not been noted 
clinically 

Case 2 — A 19 year old white youth was admitted to 
the hospital on February 1 with the following history He 
felt entirely well until two weeks prior to his admis- 
sion, when diarrhea developed, there were five or 
six loose stools daily for three days No blood, pus 
or mucus was noted The diarrhea ceased, but from 
the onset the patient had noted severe anorexia 
and occasional bouts of nausea without vomiting The 
anorexia became more severe, a “full” feeling m the 
upper part of his abdomen developed, but he had no 
abdominal pain 

He continued duty but felt w'eak and drowsy and 
' noted that he tired easily During this period his urine 
was intermittently dark-colored, but at no time was 
jaundice noted Gaseous eructations and an inability 
to eat fatty or greasy foods developed He had no fever, 
chills or other symptoms There was no history of 
malaria or of disease of the gallbladder, and a careful 
review by systems revealed no other symptoms 

On physical examination there were seen a faint 
subicteric tint to the scleras and moderate enlargement 
of the cervical, axillary and inguinal lymph nodes 
The liver was 1 fingerbreadth below the right costal 
margin and was tender The spleen was not felt The 
remainder of the examination revealed nothing abnor- 
mal There was no icterus of the skin The temperatuVe, 
pulse and respirations were normal 
Laboratory studies made on his admission showed a 
red blood cell count of 4,460,000, a hemoglobin content 
of 85 per cent and a white blood cell count of 13,150, 
with 36 per cent neutrophils, 56 per cent lymphocytes, 
7 per cent eosinophils and 1 per cent basophils The 
' specific gravity of the urine was 1 025, and the urine 
i showed no sugar or formed elements but was positive 
] for urobilinogen in a 1 to 100 dilution The icterus index 
3 was 6, the van den Bergh reaction was negative Ex- 
_ animation of a thick drop for malaria gave negative 
results The Kahn reaction of the blood was negative 
v One week after his admission the white blood cell 
p count was 12,800, with neutrophils 46 per cent, lympho- 


cytes 44 per cent, monocytes 4 per cent, eosinophils 4 
per cent and basophils 2 per cent The icterus index 
was 8, and there M'as a negative van den Bergh reaction 
A roentgenogram of the liver and spleen revealed 
both hepatic and splenic enlargement Roentgenologic 
studies of the gallbladder and stomach showed both to 
be normal 

Repeated examinations of the stools for parasites and 
ova gave negative results Two cultures of the stools 
showed no typhoid'-dysentery organisms 
Eleven days later the icterus index was 7 and the 
van den Bergh reaction negative The white blood cell 
count was 8,600, with 50 per cent lymphocytes The 
urine showed a trace of bile, and the reaction for 
urobilinogen was positive in a 1 to 20 dilution Two 
heterophilc agglutination tests gave negative results 
A hippuric acid test of hepatic function revealed a 
synthesis of 2 15 Gm in four hours The icterus index 
and van den Bergh reaction remained normal AVithm 
ten days after his admission the liver had returned to 
a normal size and could not be palpated 

Course — During the first two weeks of the patient’s 
hospitalization anorexia was severe and then gradually 
decreased until he became asymptomatic four weeks 
after his admission At no time did clinical jaundice 
develop, and lie was asymptomatic when discharged, 
on March 13 

TREATMENT 

The genet al principles of treatment in this 
series were primal ily concerned with relieving the 
patients’ symptoms and preventing relapses oi 
residual hepatic impairment 

A high carbohydrate, low fat, moderate protein 
diet was the standard type used and was toler- 
ated well Multivitamin tablets 14 were given to all 
patients throughout the course of the illness as 
a supplement to the low fat diet 

In addition to these measures, intermediate 
feedings of fruit juices and hard candy were given 
to all the patients between meals This supple- 
mented the caloric intake and seemed to be of 
value during the early part of the illness, when 
the intake of food was at its lowest level 

Rest in bed, especially during the eaily stages 
of the disease, is considered to be more essential 
m promoting a rapid recovery and in preventing 
relapses than any other single factor 

If sufficient rest is obtained, relapses can be 
i educed to a minimum and the tendency for a 
chronic hepatitis to develop can be avoided m 
the vast majority of these cases If a relapse 
develops, further rest in bed and avoidance of 
physical fatigue promptly relieve the patient’s 
symptoms 

Of importance almost equal to rest in bed is 
an adequate intake of fluids These can be in 
the form of water or fruit juices, the latter being 
especially efficacious and well tolerated A fluid 
intake of at least 3,000 cc daily is considered 
essential for the prompt relief of the patient’s 
symptoms and of the degree of icterus At no 
time should the patient be allowed to become 
dehydrated 
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An example of the serious consequences of an 
inadequate fluid intake is shown in the single fa- 
tality in this series The patient had been able to 
obtain only a meager supply of water during the 
week preceding his hospitalization and had a 
severe diarrhea which further dehydrated him 
As a result, a severe bile nephrosis developed, 
producing irreversible changes m the renal 
tubules, which undoubtedly contributed to his 
death 

Since relapses frequently developed in patients 
w ho had an mtercurrent infection of the respira- 
tory tract, care should be taken to shield the 
patient from respiratory infections of any type 

COMMENT 

A comparison of the clinical observations on 
patients with epidemic hepatitis with those of 
patients with postvaccinal hepatitis reveals sev- 
eral differences worthy of mention 

Of the patients with postvaccinal hepatitis, as 
reported by Turner and his co-workers, 13 only 
an occasional one had fever, whereas fever, chills 
and evidence of an infectious process was an 
outstanding featui e in 61 per cent of the patients 
in this group The incidence of various types of 
dermatitis in the patients with postvaccinal type 
of hepatitis was much more frequent than in 
those with epidemic hepatitis Only 2 per cent 
of our patients exhibited any type of dermatitis, 
m contrast to the high incidence of dermatitis in 
the postvaccinal group Lymphadenopathy, fre- 
quently pronounced m this series, is not men- 
tioned in the reports on cases of postvaccinal 
hepatitis There seemed to be a more frequent 
tendency for anemia and severe complications to 
develop m the latter group Psychic reactions 
were not observed in any of our patients It is 
noteworthy that even m the rapidly fatal case 
in this series the patient’s mental reaction re- 
mained clear until he died 

When epidemic hepatitis is compared with 
catarrhal jaundice, it is appaient that the obser- 
vations are quite similar We do not feel that we 
can distinguish any significant differences be- 
tween acute infectious (epidemic) hepatitis and 
catarrhal jaundice The term “acute infectious” 
(or “epidemic”) hepatitis seems to be prefeiable 
to the term “catarrhal jaundice,” for describ- 
ing this disease The lattei term is misleading 
as theie is definite evidence of hepatic paren- 
chymal and hepatocellular involvement and as 
hepatitis without jaundice is relatively common 

There is no doubt m our minds that this is fre- 
quently a serious disease, which by its seemingly 
benign course may mislead both the patient and 


the clinician A prolonged convalescent period is 
required before hepatic functional efficiency is 
restored to normal and the patient is to be con- 
sidered -well 

SUMMARY AND CONCLUSIONS 

Two hundred and thnty-eight patients with 
epidemic hepatitis with jaundice and 17 patients 
with hepatitis without jaundice were studied by 
various clinical and laboratory methods during 
the six month period from Nov 16, 1943 to 
May 16, 1944 A total of 448 patients with 
hepatitis with jaundice were observed during this 
period There was 1 death in this series 

The clinical characteristics of hepatitis with- 
out jaundice -were studied 

The clinical characteristics of epidemic hepa- 
titis with jaundice were found to be not essentially 
different from those of catarrhal jaundice 

Clinically, epidemic hepatitis is similar to post- 
vaccinal hepatitis but diffeis in the frequent oc- 
currence of chills, fever and lymphadenopathy 
and in the relative absence of dermatitis, anemia 
and mental reactions 

Fever, chills and other evidence of an acute 
infectious, systemic disease are common initial 
symptoms 

The disease is usually mild but has a frequent 
tendency to relapse with exertion, excessive 
physical fatigue and mtercurrent infections Re- : 
lapses can be prevented or minimized by adequate ] 
rest m bed and by a piolonged convalescent t 
period 

The disease, although usually benign, may be . 
rapidly fatal Repeated severe hemorrhages from ' 
ulcerations m the gastrointestinal tract and 
nephrosis due to depositions of bile pigment m 1 
the renal tubules were noteworthy complications 
in the fatal case 

The icterus index, although useful in follow- 
ing the course of the disease, is not a reliable 
guide in determining either the activity of the 
hepatitis or the degree of hepatic functional im- 
pairment following an attack of epidemic hepa- 
titis The degree of icterus does not always indi- 
cate the severity of hepatic damage 

The hippuric acid test of hepatic function fre- 
quently indicates residual hepatic functional im- 
pairment long after the icterus index has returned 
*to normal 

The sedimentation rate is useful m determining 
the residual actn lty of the hepatitis and frequently 
remains elevated for several weeks after the 
icterus index has returned to normal 

A prolonged convalescence and conservative 
management of the patients are important ir 
treatment i 
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In the preparation of these reviews, during 
:ach succeeding yeai of the war, I have expected 
ny task to be easier because of apparent distrac- 
1011 s in investigative work Instead, there has 
ieen an ever increasing amount of important 
:ontributions to the knowledge of infections to 
eview First came studies of many sulfonamide 
impounds, their modes of administration, their 
Pharmacology and their effect on many mfec- 
10 ns, then followed the introduction of penicil- 
m, its route of administration, its pharmacology 
md its effect on various diseases, and now such 
itudies are being made on substances which 
ittack gram-negative bacilli So rapidly have 
Ldvances been made that for certain diseases 
mlfonamide therapy is already regarded as old 
ashioned and serum therapy is only rarely used 
The full import of all these discoveries during 
:he turmoil of war will be even more fully appre- 
:iated later This era is as important as the 
Pasteur-Koch epoch in the field of infectious 
diseases 

Advances in knowledge of exotic diseases like 
malaria, filariasis and typhus have gone apace 
with the worldwide dispersal of military person- 
nel Evidence is accumulating that filtrable 
viruses cause many more diseases than were 
known of before Numerous “new” viral infec- 
tions of the central nervous system and of the 
respirator}^ tract are established as entities In- 
fectious hepatitis is shown to be almost certainly 
of viral origin, and evidence points to viruses as 
causes of infections of the gastrointestinal tract 
and urinary tract, areas heretofore unassociated 
primarily with viral diseases At the same time 
advances were made in the study and control of 
air-borne infection 

penicillin • 

In the month of April ISO billion units of 
penicillin was allocated for civilian use, m June 
la total of 650 billion units was made, and for 
'August 800 billion is m prospect The tremen- 

From the Jefferson Medical College and Hospital 


dous decrease of the cost to about 49 cents per 
100,000 units makes it doubtful if synthesis on a 
commercial scale will he attempted Penicillin 
will soon be available in tablet and in liquid form 
for oral administration 

In addition to the great benefits derived there- 
from, there is reason to fear 1 that the release of 
penicillin will be follow ecf by the same abuse, 
waste and commercialization that followed the 
lelease of the sulfonamide compounds It is 
perhaps too much to hope that all physicians, 
diuggists laymen m general and the drug indus- 
try will cooperate m the proper use of penicillin 
Regulation by some official body may be needed 
to prevent absurd combinations of penicillin w ith 
chewing gum, mouth wash, cough drops, skin 
lotions and so forth The use of penicillin 
pastilles 2 has already been recommended for 
Vincent’s stomatitis and even for diphtheria, 
for either of which the value of penicillin is 
doubtful It has already been suggested, face- 
tiously it is hoped, that a combination of a sulfon- 
amide compound, penicillin and streptomycin 
will control most infections without need for 
further diagnoses 

Penicillin is preferable to sulfonamide com- 
pounds in the treatment of pneumococcus, hemo- 
lytic streptococcus and staphylococcus pneu- 
monia 3 and of pneumococcus meningitis but not 
of meningococcus meningitis 4 Penicillin also 
seems to be of more value and safer than sulfon- 
amide compounds in the treatment of severe 

1 Falk, L A, and Goodman, H Will Penicillin 
Be Used Indiscriminately 7 Correspondence, J A M A 
127 672 (March 17) 1945 

2 MacGregor, A B , and Long; D A Use of 
Penicillin Pastilles m Oral Infections Preliminary 
Report, Brit M J 2 686-688 (Nov 25) 1944 

3 (a) Craig, W M, and others Penicillin A 

Progress Report Based on 1,455 Cases Treated at the 
National Naval Medical Center, Bethesda, Maryland, 
U S Nav M Bull 44 453-479 (March) 1945 (b) 

Lueck, A G , and Edge, C O Penicillin m Pneumonia, 
ibid 44 480-485 (March) 1945 

4 Meads, M , Harris, H W , Samper, B A , and 
Finland, M Treatment of Meningococcal Meningitis 
with Penicillin, New England J Med 231 509-517 (Oct 
12) 1944 
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infections of the throat caused In hemolytic 
streptococci Plummer and his colleagues 5 6 7 8 on 
se\ eral occasions noted the de\ clopment of hemo- 
lytic streptococcus peritonsillar abscess, pneu- 
monia and empy etna m patients who were re- 
ceiMtig sulfadiazine \\ ith penicillin therapy 
improvement was usually evident within eight 
to twelve hours alter the first injection of 15 000 
units alter which injections were then given 
e\ en four hours Treatment should be continued 
for six days lest relapse occur Hemohtic strep- 
tococci disappeared promptly from the naso- 
pharynx but often reappeared after treatment 
was stopped These authors recommend the in- 
jection of penicillin without dela\ in case of am 
serious progressive hemolytic streptococcus in- 
fection but not for mild sore throat Since mild 
pharyngitis occurs during mam other infec- 
tious diseases not associated with the hemohtic 
streptococcus much penicillin will be wasted 
miless cultures are made in each instance before 
therapy Xo one by inspection alone can make 
an accurate diagnosis of a strep throat Group 
D hemolytic streptococci are much more resistant 
to the action of penicillin than those of other 
groups r 

Further experience leads Spink* who once 
strongly fa\orcd the use of sulfonamide com- 
pounds lor staphylococcic infections, to write that 
penicillin is the more effective therapeutic agent 
The same conclusion concerning the use of 
penicillin applies to certain infections caused by 
hemohtic streptococci Evidence of the develop- 
ment of resistance of stapln lococci to penicillin 
appeared m his studies 

The \alue ot penicillin in surgery is discussed in 
the July 1944 issue of the British Journal oj 
Surgery According to Meleney/ penicillin may 
be expected to gne good results m 75 per cent of 
cases of grav e infection by hemoh tic streptococci 
but less often when mixed infection is present 

Foi Subacute Bacterial Endocarditis — Re- 
ports of an exhaustn e study of subacute bacterial 

5 Plummer, X A , and others Penicillin Therapj 
in Hemoljtic Streptococcic Phanngitis and Tonsillitis, 
J A M A 127-369-374 (Feb 17) 1945 

6 Watson, R F Sensitn itj ot Various Serological 
(Lancefield) Groups of Streptococci to Penicillin, Proc 
Soc Exper Biol S * Med 57 65-69 (Oct ) 1944 

7 Spink V \Y , and Hall, W H Penicillin 
Therapj at the Unnersitj of Minnesota Hospitals 
1942-1944, Ann Int Med 22 511-525 (April) 1945 
Spink, \\ W , Hall, W H , and Ferris, V Clinical 
Significance of Staphj lococci with Natural or Acquired 
Resistance to Sulfonamides and to Penicillin, JAMA 
128 555-559 (June 23) 1945 

8 Melenej, F L Recent Experiences with Peni- 

cillin m the Treatment of Surgical Infections, Bull New 

lork Acad Med 20-517-537 (Oct) 1944 


endocarditis by Kelson and White appears m the 
January 1945 issue of the Annals oj Internal 
Medicine Studies were made before and after 
the ad\ent of sulfonamide drugs and penicillin 
Before 1939 no treatment was effective and all 
of 245 patients studied died from the disease , the 
patient sunning longest lned nineteen months 
after the onset After sulfonamide therapy was 
introduced 7 (19 per cent) of 79 patients re- 
covered Seventeen of the treated patients re- 
ccn ed heparin in addition , 3 of these recov ered 
Of 9 patients given large doses of penicillin 6 
(67 per cent) have shown “a definite control 
(perhaps a cure)/’ but up to the time of publica- 
tion of the report only eight months had elapsed 
Further study is necessary Daw son and Hunter 9 
also report promising results in the treatment of 
27 patients of whom 21 were greatly benefited 
tor a period of mam months These and other 
authors, including me, are not sure that heparin 
is needed as an adjuvant m the treatment The 
arbitrary dosage of penicillin they recommend is 
200,000 units daily for three weeks Larger or 
smaller amounts may be needed The intramuscu- 
lar dnp method of administration is recom- 
mended Paullm and McLaughlin 10 report 3 
“cures ’ among 6 patients and others 11 7 among 
9 patients According to Loewe 12 if the patient 
is in good physical condition the duration of 
the disease less than three months and the causa- 
tive organism sensitive to penicillin a satisfac- 
tory result may be expected barring accidents 
‘m virtuallv every case” W hile this statement 
may be true, it must be remembered that the 
injured valve remains even after “cure’ and the 
ubiquitous Streptococcus viridans is ready for 
remvasion when opportunity' is favorable 

An interesting but little emphasized sidelight 
emerged from one study, namely that dental 
extraction was second only to infections of the 
upper respiratory tract as an inciting cause of the 
disease A history of recent dental operations 
was given m 25 per cent of cases 

In an editorial comment 13 on some of these 
studies it is stated that it is not yet possible to 

9 Dawson, M H, and Hunter, T H The Treat- 
ment of Subacute Bacterial Endocarditis w ith Penicillin, 
JAMA 127 129-137 (Jan 20) 1944 

10 Paulhn, J E , and McLaughlin, C J The Treat- 
ment of Subacute Bacterial Endocarditis with Peni- 
cillin, Ann Ink Med 22 475-484 (April) 1945 

11 Meads, M , Harris, H \V , and Finland, M 
The Treatment of Bacterial Endocarditis with Penicillin 
New England J Med. 232*463-474 (April 20) 1945 

12 Loewe, L The Combined Use of Anti-Infectious 
and Anticoagulant Agents in the Treatment of Subacute 
Bacterial Endocarditis, Bull New York Acad Med 
21 59-86 (Feb) 1945 

13 Treatment of Subacute Bacterial Endocarditis, 
editorial, Ann Int Med 27 131-133 (Jan ) 1945 
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leach a definite conclusion as to the efficacy of 
the measures tested or whether heparin is of 
added value or not The procedures are still 
m the expei imental stage Nevertheless, penicillin 
is by far the most effective agent ever used for 
the tieatment of subacute bacterial endocarditis 

For Vaiious Otlrn Diseases — Penicillin was 
of value in the tieatment of ornithosis or psitta- 
cosis, 14 yaws, 16 and rat bite (Streptobacillus 
moniliformis) fevei 10 Anthrax 17 was appaiently 
controlled, although the bacillus is 1 datively 
lesistant in the test tube Penicillin caused great 
improvement in the pustular ei uption of smallpox 
after sulfathiazole had failed 18 Conflicting re- 
ports concein its value for leptospirosis, m one 
paper 19 no beneficial effects weie noted, and in 
two others 20 it was reported that improvement 
seemed to depend on its use Penicillin was 
effective in treating artificially infected guinea 
pigs, 21 mice and hamsters 22 In the study on 
mice and hamsters, penicillin and specific im- 
mune serum seemed to have equal theiapeutic 
values 

In treatment of experimental syphilis in rab- 
bits, even large doses were not sufficient to kill 
all the spirochetes, although the primary lesions 
healed satisfactorily 23 In treatment of human 

14 Turgasen, F E Human Ornithosis Treated 
with Penicillin, JAMA 126 1150-1151 (Dec 30) 
1944 Flippin, H F , Gaydosh, M J , and Fittipoldi, 
W V Penicillin for Human Psittacosis, ibid 127 
280-281 (May 26) 1945 

15 Whitehill, R C, and Austrian, R Treatment 
of Primary and Secondary Yaws with Penicillin, Bull 
Johns Hopkins Hosp 75 232-240 (Oct ) 1944 

16 Altemeier, W A , Snyder, H, and Howe, G 
Penicillin Therapy in Rat Bite Fever, JAMA 127 
270-273 (Feb 3) 1945 

17 Murphy, F D , LaBoccetta, A C, and Lockwood, 
J S Treatment of Human Anthrax with Penicillin, 
J A M A 126 948-950 (Dec 9) 1944 

18 Jeans, W D , Jeffrey, J S , and Gunders, K 
Penicillin and Smallpox Report of Four Cases, Lancet 
2 44-46 (July 8) 1944 

19 Bulmer, E Weil’s Disease in Normandy Its 
Treatment with Penicillin, Brit M J 1 113-114 (Jan 
27) 1945 

20 Hart, V L A Case of Weil’s Disease Treated 
with Penicillin, Brit M J 2 720 (Dec 2) 1944 Cross, 
R M Penicillin in Weil’s Disease, Lancet 1 211-212 
(Feb 17) 1945 

21 Alston, J M , and Broom, J C The Action of 
Penicillin on Leptospira and on Leptospiral Infections in 
Guinea Pigs, Brit M J 2 718-719 (Dec 2) 1944 

22 Larson, C L, and Griffitts, J J A Comparison 
' of the Effect of Penicillin and Immune Serum in the 

Treatment of Experimental Leptospirosis in Young 
White Mice and m Hamsters, Pub Health Rep 66 
317-323 (March 23) 1945 

23 Ercoli, N , and Lafferty, L C The Anti-Spiro- 
i c H e tal Activity of Penicillin m Experimental Infections, 
p , Proc Soc Exper Biol & Med 57 4-6 (Oct) 1944 


syphilis, British woikeis 24 recoid immediate 
favoiable responses m all cases of eaily infec- 
tions If one judges by later effects, the arsenical 
compounds and bismuth might have given better 
i esults The doses used were 30,000 units intra- 
muscularly every tluee hours for eighty injec- 
tions, oi 2,400,000 units m ten days, or 30,000 
units every horn for forty injections (1,200,000 
units) The need for frequent injections makes 
routine treatment inconvenient Excellent im- 
mediate results are reported 20 in the treatment 
of acute syphilitic meningitis with 600,000 to 
4,000,000 units of penicillin given over a period of 
eight to sixteen days It is still too early to be 
able to predict the later course of the infection 

Penicillin has no beneficial effect in the treat- 
ment of viral pneumonia, 36 rheumatoid arthritis, 20 
tularemia, 27 leprosy, 28 tetanus 29 or of inoculation 
malaria 30 Penicillin was without effect on the 
multiplication of the viruses of vaccinia, St Louis 
encephalitis and equine encephalitis , it did inhibit 
the growth of the “viruses” of psittacosis and 
mouse meningopnetimonitis in chick embryos, 
but such great amounts were required as to 
render its practical importance doubtful 31 How- 
ever, 2 recorded patients 14 and 1 of my own 
with psittacosis seemed to be benefited by peni- 
cillm The clinical value of penicillin, as in the 
case of anthrax, cannot ahvays be judged by its 
action on the experimental animal or in the 
test tube 

Penicillin gives little or no benefit to patients 
with bronchiectasis 32 It is helpful for chronic 
bionchitis, often immediately so, causing a dis- 
appeaiance of cough and sputum Inhaled nebu- 


24 Ross, A O F , and others Treatment of Early 
Syphilis with Penicillin, Lancet 2 845-848 (Dec 30) 
1944 

25 Nelson, R A , and Duncan, L Acute Syphilitic 
Meningitis Treated with Penicillin, Bull Johns Hopkins 
Hosp 75 327-352 (Dec ) 1944 

26 Boland, E W , Headley, N E , and Hench, P S 
The Effect of Penicillin on Rheumatoid Arthritis, 
JAMA 126 820-823 (Nov 25) 1944 

27 Josey, A I Penicillin Treatment of a Case of 
Tularemia Without Effect, JAMA 126 496-497 

(Oct 21) 1944 „ _ „ _ . 

28 Faget, G H , and Pogge, R C Penicillin Treat- 
merit of Leprosy Clinical Note, Pub Health Rep 
324-325 (March 23) 1945 

29 Buxton, R , and Kurman, R L Tetanus Report 
Two Cases Treated with Penicillin, JAMA 127 

16 (Jan 6) 1945 

30 Hmdle, J A , Rose, A S , Trevett, L D , and 
Prout, C The Effect of Penicillin on Inoculation 
Malaria A Negative Report, New England J Med 
£32 133-136 (Feb 1) 1945 

31 Parker, R F, and Diefendorf, H W Effect of 
Penicillin on Certain Viruses, Proc Soc Exper Biol 
k Med 57 351-354 (Dec ) 1944 

32 Stookey, P F, and others Penicillin Therapy in 
Bronchiectasis, South M J 38 98-102 (Feb ) 1945 
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li7cd penicillin caused unpicncmcnt m 5 of 20 
patients studied b\ others 33 Simplified methods 
foi the clinical nieasui ement of penicillin in the 
blood and the delci mination of the seivntiuty of 
hactena to it aic desenhed “ 

In a stud} of icasons for the failtue of pem- 
cilhn to cuic ceitam diseases, Bloomfield and his 
co-woikeis , ’ i classif} them as follows (a) in- 
sufficient dosage, (b) insufficient surgical diain- 
age (c) merw helming infection ot lack of ic- 
sistancc e\en to pcnicilhn-scnsitnc hactena and 
(d) progression of otlici conditions (foi exam- 
ple neplnitis) penicillin fastness is appaienth 
of little importance 

Methods oj Adimnisltahon — Oral Theiapt 
Penicillin maj he gnen oralh Some of it is lost 
in the intestinal tract, hut if the doses gnen are 
large as compared with those used for pai enteral 
injection, satisfacton amounts mat he attained 
m the blood Accoi ding to McDermott's 30 gi oup, 
about fi\ e times as much must be gn en orally to 
obtain levels comparable to those obtained after 
mtiamuscular injection In anothei stud} 37 it 
was reported that 1 5 to 7 Gm of trisodium 
citrate given w ith penicillin tw o lioui s aftei break- 
fast greath inci eases its absorption Accoi ding 
to G}org\ and his co-w Drivers,^ penicillin cal- 
cium gnen oral!} with trisodium citrate was as 
efteclne in the treatment of gonorrhea as the 
same dose gnen parentcralh Oral adminis- 
tration of 250 000 to 300,000 units over a period 
of sixteen to twenty hours gave good results 
British nnestigatois 371) used with success the 
combined stabilizing effect of egg albumin and 
the buffer action of sodium bicaibonate, and 
others 39 used cottonseed oil After a single 

33 Barach, A L , and others Inhalation of Peni- 
cillin Aerosol m Patients with Bronchial Asthma, 
Chronic Bronchitis, Bronchiectasis and Lung Abscess 
Preliminary Report, Ann Int Med 22 485-509 (April) 
i945 

34 Cooke, J V A Simple Clinical Method for the 
Assay of Penicillin in Body Fluids and for Testing of 
Penicillin Sensitivity of Bacteria, JAMA 127 
445-449 (Feb 24) 1945 

35 Bloomfield, A L , Kirby, M M , and Armstrong, 
CD A Study of “Penicillin Failures,” JAMA 
126*685-691 (Nov 11) 1944 

36 McDermott, W , Bunn, P A , Benoit, M , 
DuBois, R, and Haynes, W Oral Penicillin, Science 
101 228-229 (March 2) 1945 

37 (a) Charney, J , Alburn, H E , and Bernhart, 

F W Urinary Excretion of Penicillin m Man After 
Oral Administration with Gastric Antacids, Science 101 
251-253 (March 9) 1945 ( b ) Little, C D H, and 

Lumb, G Penicillin by Mouth, Lancet 1 203-206 (Feb 
17) 1945 

38 Gyorgy, P , and others Administration of Peni- 
cillin by Mouth, J A M A 127 639-642 (March 17) 
1945 

39 Libby, R L Oral Administration of Penicillin 
m Oil, Science 101 178-180 (Feb 16) 1945 


dose of 90,000 units, the amounts in the blood 
i cached 0 05 units in one houi and lasted four 
boms, w'hich is about the level usually attained 
m clinical piactice aftei the mtiamuscular in- 
jection of 20,000 units Possible advantages of 
oi al thciapy aic slowet absoiption, its longer 
dmalion in the blood and the fact that the prod- 
uct used need not be highly ptinfied A disad- 
\antage might be the tendency to indiscriminate 
use and a waste of material, as with the sulfon- 
amide compounds 

Penicillin given rectally in suppositories ap- 
peals m the blood in effective amounts 40 

Parcnteial Thcrap) Penicillin injected intia- 
musculaily is demolish able m the blood for 
longer periods if the \ chicle is a 5 pei cent solu- 
tion of dextrose instead of an isotonic solution of 
sodium chloride 11 Penicillin can be kept in the 
blood longer if epinephiine hydrochloride is in- 
jected mtiamuscularl) with it 42 and also if a 
combination of penicillin with human plasma, 
making a pcmcillm-piotein complex, is given 
inti avcnously 43 

Inhalation Thciap) Baiach and his aids 33 
imesligaled the usefulness of inhaled, nebulized 
penicillin aerosol foi the tieatment of pulmonary 
infection When inhaled, penicillin appeals in 
small amounts in the blood, but the aim w^as 
not so much to obtain large amounts in the 
blood as laige amounts locally Perhaps com- 
bined paienteial injection and inhalation therapy 
is dcsiiable for the tieatment of pulmonary ab- 
scess, bionclncctasis oi olhei bronchial infections 
Bntish obser\eis u feci that inhalation therapy 
with penicillin has a number of advantages be- 
cause it obviates oft repeated injections, especially 
foi infants, and because penicillin is so rapidly 
excieted when admmisleied otherwise 

40 Loewe, L, and others Administration of Pern- i 
cilhn by Rectal Suppository, JAMA 128 18 (May : 
5) 1945 

41 Armstrong, C D , Iialpern, R M , and Cutting, ‘ 
W C Prolongation of the Action of Penicillin After 1 
Intramuscular Injection, Proc Soc Exper Biol & 
Med 58 74-76 (Jan ) 1945 

42 Fisk, R T , Foord, A G , and Alles, G Pro- 1 
longation of Penicillin Activity by Means of Adrena- ’ 
Iin, Science 101 124-125 (Feb 2) 1945 

43 Chow, B F, and McKee, C M Interaction 

Between Crystalline Penicillin and Human Plasma Pro- ' 
terns, Science 101 67-68 (Jan 19) 1945, Inactivation 
of the Antibiotic Activity of Penicillin by Cysteine 
Hydiochlonde I Clinical Aspects of Inactivation,, 
Proc Soc Exper Biol & Med 58 175-177 (Feb ) ; 
1945 Cavallito, C J , and Bailey, J H Preliminary 
Note on the Inactivation of Antibiotics, Science 100 
390 (Oct 27) 1944 ,* 

44 Knott, F A , and Clark, W H Absorption of j 

Aerosol Penicillin via the Lungs, Lancet 1 468-4691 
(April 14) 1945 f 
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Bactcnologic Studies of Resistance to Peni- 
cillin — Escherichia cob, 45 Eberthella typhosa, 
Bacillus proteus and Salmonella 10 are not as 
lesistant to the effect of penicillin as was once 
thought Furthermoie, their susceptibility can 
be increased by adding methionine and noimal 
seium to the culture medium Fiom cultural ex- 
periments on Esch cob and Salmonella in syn- 
thetic medium rather than in meat infusion broth, 
it appeared that casein hydrolysate, aspaiagine, 
glutamic acid and other ammo acids partially an- 
tagonize the effect of penicillin The 1 esistance of 
gram-negative bacilli to penicillin tliei efoi e seems 
at least to some extent, to be extrinsic in nature 

Different strains of staphylococci, accoidmg 
to Neter, 47 a ary in then susceptibility to penicil- 
lin, tyrothricm and stieptomycin in culture me- 
dium Then susceptibility to the effects of one 
antibiotic is not always the same as that to the 
effects of anothei If the same variation occuis 
m the body during infection, it would be desir- 
able beforehand to deteimine and to select the 
most effective antibiotic agent for treatment 
Staphylococci may become resistant to both sul- 
fonamide compounds and penicillin 7 

According to Demeiec, 48 induced resistance of 
a strain of staphylococcus to penicillin lesults 
from the appearance of variant foims, which sur- 
vive because they are resistant while the sensi- 
tive forms disappear Resistance itself is not 
i elated to pathogenicity, 40 and the course of in- 
fection proceeds regardless of changes in le- 
sistance to penicillin Gallardo, like Spink, found 
about 13 per cent of pathogenic strains of staphy- 
lococci to be naturally lesistant to penicillin, 
another 9 per cent become resistant during treat- 
ment with penicillin The l esistance which bac- 
teria develop against penicillin, especially if 
developed m vitro, may not be permanent Two 
stiams of staphylococci which became lesistant 
lapidly lost this pioperty on further subculture 

45 Shwartzman, G (a) Inhibition of E Coli by 
Penicillin, Science 100 477-478 (Nov 24) 1944, (b) 
On the Nature of Refractiveness of Certain Gram- 
Negative Bacilli to Penicillin, ibid 101 276-277 (March 
16) 1945 

46 Steiner, M Gram-Negative Bacilli Suscepti- 
bility to Penicillin, U ' S Nav M Bull 44 486-493 
(March) 1945 

47 Neter, E Relative Susceptibility of Staphylococci 
to the Bacteriostatic Action of Antibiotics, Proc Soc 
Exper Biol &. Med 58 126-128 (Feb ) 1945 

48 Demerec, M Production of Staphylococcus 
Strains Resistant to Various Concentrates of Penicillin, 
Proc Nat Acad Sc 31 16-2Q (Jan) 1945 

49 Gallardo, E Sensitivity of Bacteria from In- 
fected Wounds to Penicillin II Results m 112 Cases, 
War Med 7 100-110 (Feb ) 1945 


m bioth co It is piobable that penicillm-sensitne 
valiants reappear in cultme mediums Gonococci 
may become resistant to penicillin by giowth m a 
medium containing it 04 Morphologic changes as 
well as differences in fermentation reactions 
appeared in the resistant forms 

Kirby G - shows that lesistant staphylococci pro- 
duce a penicillin-inactivating substance, but the 
staphylococci themselves are inhibited by peni- 
cillin and will not survive unless great numbers 
are present In contrast with other bacteria 
staphylococci are said to disintegrate when sub- 
jected to penicillin , the lysed cellular elements 
may be partly responsible foi the fever and tox- 
icity of infections which these bacteria cause 
According to Todd 73 ho\\e\er, all penicillin- 
sensitive micro-organisms are susceptible to 
bacteriolysis by penicillin 

Othc) Studies on Penicillin — Penicillin is in- 
activated by cysteine, it also combines with hu- 
man serum albumin 43 and, contrary to previous 
views, is inactivated in \arying degrees b) con- 
tact w ith human blood w hen certain bacteria 
aie used as test organisms, probably owing to 
the presence in the blood of penicillinase produced 
by penicillin-resistant bacteria Penicillin is both 
bacteriostatic and bactei lcidal at temperatures as 
high as 42 C It is doubtful if it acts only on 
dividing cells 

The mode of action of penicillin on bactei lal 
giow'th is as hard to understand as is the action 
of the sulfonamide compounds r ° Penicillin is 
bactericidal, but even in a culture of bacteria 
mixed with penicillin there are almost always a 
few surviving oi visible bacteria This persistence 
is explained on the basis of the appearance and 
survival of penicilhn-iesistant variants One 
theory, perhaps too simple to account for the 
bactericidal effect, assumes that penicillin pre- 
A r ents cell division but not cell growth , the 
cell increases in size and bursts Lysis of bac- 

50 Todd, E W , Turner, G S , and Drew, L G W 
The Temporary Character of “Fastness" of Staphylo- 
cocci to Penicillin, Brit M J 1 111-113 (Jan _7) 
1945 

51 Bahn, J M , Ackerman, H, and Carpenter, C 
M Development in Vitro of Penicillin-Resistant Strains 
of Gonococcus, Proc Soc Exper Biol & Med 58 21- 
24 (Jan) 1945 

52 Kirby, W M M Bacteriostatic and Lytic Ac- 
tions of Penicillin on Sensitive and Resistant Staphv- 
lococci, J Clin Investigation 24 165-169 (March) 1945 

53 Todd, E N Bacteriolytic Action of Penicillin, 
Lancet 1 74-77 (Jan 20) 1945 

54 Bigger, J W Inactivation of Penicillin by 
Serum, Lancet 2 400-402 (Sept 23) 1944 

55 Garrod, L P Action of Penicillin on Bacteria, 
Brit M J 1 107-110 (Jan 27) 1945 

56 How Penicillin Works, Lancet 1 276-277 (March 
3) 1945 
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tena ib commonh obscned m the piescnce ol 
penicillin Perhaps penicillin hills bactcna with 
a minimum of disturbance to the bacteual proto- 
plasm so that aulohsis takes place ieadih 

i\ixononusts ma\ he alarmed by the lepoit ol 
one hundred new stiams or “mutations ” arising 
from a strain of Pcmcilhum notatum aftei bom- 
hardment with neutions i he idea hack of the 
experiment was to induce the appeal ancc of 
i arianl forms w Inch max bee\en hettei pioducers 
of penicillin than the patent foini I lie appeal - 
mice of so mail} \ a riant forms suggests that the 
phenomenon of miciobic yariation is far moie 
complex than is usualh believed, as indicated 
also b\ earlier studies on Micrococcus tetia- 
genous (Gaflk}a tetragonal m which mote than 
twenty lanants appeared 

STRLPTOMtCIX AM) OTHl R NNHIUOIICS 

Although incrcasmgh pure preparations of 
penicillin inhibit the growth of main giam-nega- 
tne bacilli the effectnenesb is not great enough 
to promise beneficial therapeutic results m infec- 
tions they cause According!}, attention is now 
being gnen to stieptonnein, an extract of Ac- 
tmom}ces gnseus, similar in main respects to 
ctreplothricin '* Streptoni)cm has the adian- 
tage of higher potenc} against certain pathogenic 
bacilli , it is not decomposed In any bacteria so 
lar tested, and it is not toxic foi the host At 
present streptom)cm is effective against a num- 
ber of diseases caused by gram-negatn e bacilli in 
animals 00 tularemia, tuberculosis and infections 
with Fnedlander’s bacillus (Klebsiella pneu- 
moniae) It is of less \aluc than penicillin foi 
infections with Borreha novyi and with Lepto- 
spira icterohaemorrhagiae ,u 

57 Myers, W G , and Hanson, H J New Strains 
of Pemcillium Notatum Induced by Bombardment with 
Neutrons, Science 101 357-358 (April 6) 1945 

58 Hobby, G L The Antibacterial Action of Peni- 
cillin Against Gram-Negative Organisms, Science 100 
500-501 (Dec 1) 1944 Shyvartzman 45n 

59 Waksman, S A , Bugic, E , and Schat/, A 
Isolation of Antibiotic Substances from Soil Micro- 
organisms, with Special Reference to Streptomycin and 
Strcptothricin, Proc Staff Meet , Mayo Clm 17 537- 
548 (Nov 15) 1944 

60 Heilman, F R Streptomycin in the Treatment 
of Experimental Tularemia, Proc Staff Meet , Mayo 
Clin 19 553-559 (Nov 29) 1944 Feldman, W H, 
and Hinshaw, H C Effects of Streptomycin m Ex- 
perimental Tuberculosis m Guinea Pigs, ibid 19 593- 
599 (Dec 27) 1944 Heilman, F R Streptomycin in 
the Treatment of Experimental Infection with Micro- 
organisms of the Fncdlandcr Group (Klebsiella), ibid 
20 33-39 (Feb 7) 1945 

61 Heilman, F R Streptomycin in the Treatment 
of Experimental Relapsing Fever and Leptospirosis 
Icterohaemorrhagiae (Weil’s Disease), Proc Staff 
Meet, Mayo Clm 20 169-1 76 (May 30) 1945 


Thus fat not enough patients with systemic 
infections have been ti eated w ith streptomycin to 
pci nut a judgment of its value, but the results 
ai e pi omismg Recot ei y took place dm mg treat- 
ment of 4 of 7 patients with typhoid 02 The fact 
that amounts appeared in the blood gieatei than 
those needed to kill the bacteria m culture sug- 
gests that streptomycin aided in recovery The 
lesults obtained w'cie less impiessive than the 
Jesuits of penicillin therapy for ceitain othei 
diseases No explanation is available to account 
for the failures except that unknowm factois in 
the bod} maj piotect the bacilli fiom the chug 
oi may interfere yvith its action 

\t a iccent confciencc at Ralnva} , N J , piom- 
ismg lesults were leported by Foshay in the 
treatment of tularemia a few patients with 
hi ucellosis seemed to haye been helped, but, 
again as m typhoid, othei s were not Because 
stieptoimcin given parenterally is laigeh ex- 
acted m the mine, it is effective m many in- 
stances m eliminating Esch cob, B pioteus and 
Bacillus p\oc} aneus from the urine, but only if 
the bacteria piesent happen to be sensitne to 
drugs 03 Streptomycin given oially is almost all 
excreted in the feces Heie, it successful!} sup- 
pi esses or eliminates Esch cob and other bactena 
if the} are diug sensitne When given paien- 
terally, theoieticall} sufficient amounts appeal in 
the spinal fluid, but no evidence of benefit yvas 
obtained in patients yyith tubeiculous menin- 
gitis 63 The effects on Hemophilus influenzae 
fnenmgilis yyeie ummpiessive, as yvere those on 
pulmonary tuberculosis Yet in experimental ! 
animals, stieptomycm yvas of gieatei value than 1 
any substances yet tested foi tubei culosis Repoi ts ’ 
of the use of streptomycin in treating choleia, 
plague and bacillary dysentery aie eageily an- 
ticipated 

Crystalline piepaiations of both streptomycin 
and streptotlnicm have been made 04 

Energetic search is under yvay to test the, 
ability of many species of fungi to make antibiotic 
substances Some of them already give indica- 
tion of being effective against ceitain filtrable 
viruses 05 A new substance, chaetonnn, which is 
active principally against gram-positrv e bactena, 

62 Reimann, H A , Elias, W F, and Price, A H 1 
Streptomycin for Typhoid Fever A Pharmacologic' 
Study, J A M A 128 1 75-180 (May 19) 1945 

63 Reimann, H A , Price, A H , and Elias, W F i 

To be published i, 

64 Fried, J, and Winterstemer, O Crystalline 

Reineckates of Streptothncin and Streptomvcm. Science 
101 613-615 (June 15) 1945 ' 

65 Jones, D , Baudette, F R , Geiger, W B, and 

Waksman, S A A Search for Virus-Inactivating* 
Substances Among Microorganisms, Science 101 66 5- 1 ' 
668 (June 29) 1945 j , 
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has been piepared 00 Antibiotics denved from 
Aspergillus are active against the tubercle bacil- 
lus but not against staphylococci 07 Russians 
isolated a substance called gramicidin S, which 
inhibits the growth of a variety of both giam- 
positive and giam-negative bactena 08 In one 
study, tyrothricm sprayed twice daily into the 
throats of carriers had no effect in eliminating 
hemolytic stieptococci 00 

The juice and steam distillate of juice of but- 
tercups 70 is sti ongly antibiotic for a numbei of 
pathogenic gram-positive and gi am-negative bac- 
teria, foi Mycobactei mm tubeiculosis and for 
certain yeasts Certain chemicals, among them 
ui ethane (butyl carbamate), 71 are bacteriostatic 
and bactericidal for gram-negative bactena and 
to some extent foi giam-positive ones They aie 
said to be of value in the treatment of infections 
caused by gram-negative bactena Another com- 
pound, 2, 4-dichlorophenoxyacetic acid, letaids 
certain gram-positive bacteria 72 

Attempts at the synthesis of antibiotics are in 
piogiess, and success has been repoited in the 
pieparation of an isomer of clavacm 7 " Even if 
penicillin itself is eventually synthesized, one 
wondeis whether the cost of it will be lower 
than that of the natural penicillin now made 

66 Waksman, S A , and Bugie, E. Chaetomm, a 
New Antibiotic Substance Produced by Chaetomium 
Chochliodes, J Bact 48 527-530 (Nov ) 1944 

67 Soltys, At A Antibiotic Action of Aspergillus 
Fumigatus Against Atycobacterium Tuberculosis, Nature, 
London 154 550-551 (Oct 28) 1944 Asheshov, I N 
and Strelitz, F An Antibiotic Substance Actual 
Against Atycobacterium Tuberculosis, Science 101 119- 
120 (Feb 2) 1945 

68 Sergiev, P G Clinical Use of Gramicidin S, 
Lancet 2 717-719 (Dec 2) 1944 Gause, G F, and 
Brazhnikova, At G Gramicidin “S”, Its Origin and 
Atode of Action, Am Rev Soviet Ated 2 134-138 
(Dec) 1944 

69 Hartley, G , Enders, J F , Atueller, J H , and 
Schoenbach, E B Absence of Clinical Disease in 
Spite of a High Incidence of Carriers of Group A Hemo- 
lytic Streptococci of a Single Type Failure of Tyro- 
thncin to Influence the Carrier Rate, J Clin Investiga- 
tion 24 92-96 (Jan ) 1945 

70 Seegal, B C , and Holden, At The Antibiotic 
Activity of Extracts of Ranunculaceae, Science 101 
413-414 (April 20) 1945 

71 Weinstein, L, and AtacDonald, A The Effect 
of Urea, Urethane and Other Carbamates on Bacterial 
Growth, Science 101 44-45 (Jan 12) 1945 

72 Stevenson, E C , and Mitchell, J W Bacterio- 
static and Bactericidal Properties of 2, 4 Dichloro- 
phenoxyacetic Acid, Science 101 642-644 (June 22) 1945 

73 ( a ) Puetzer, B , Nield, C H, and Barry, R H 

The Synthesis of a Clavacm Isomer, Science 101 307- 
308 (Atarch 23) < 1945 (b) Warren, H A Sulfadia- 

zine Prophvlaxis of Acute Infectious Diseases, J In- 
diana At A 37 447-451 (Sept ) 1944 (c) Hodges, 

R G The Use of Sulfadiazine as a Prophvlactic 
Against Respiratory Disease, New England J Med 
231 817-820 (Dec 21) 1944 


CHLMOl IILRAPY 

Suljonamidc Piophylaus oj Diseases of the 
Respnatoiy Tiact — Glowing accounts of ex- 
pel lence in the field of sulfonamide prophylaxis 
continue to appear Both Wari en and Hodges 73b - c 
lepoit striking deciease in the incidence of infec- 
tions caused by hemolytic stieptococci among 
about 10,000 men in each study who recened 1 
Gm of sulfadiazine daily While Warren 73b 
and Coburn 71 report no eftect on diseases 
caused by filtiable viruses, Hodges 73c lecords 
a diminution in these as well In two other 
studies, 70 sulfadiazine piophjlaxis was used to 
pi event implantation of the hemolytic strepto- 
coccus on the mucous membiane and to control 
air-bome infection with this bacterium In read- 
ing Coburn’s report 70n of observations on 600,000 
subjects, one wonders how much hjpeibole is in- 
voked when he vntes “Without chemopro- 
phylaxis to pi event implantation of respnator) 
pathogens, the training programs of the U S 
Navy would have been impossible of main- 
tenance ” Mild reactions to sulfadiazine oc- 
cui red m 0 5 per cent and severe reactions 
in 0 01 per cent, and 14 deaths probably re- 
lated to the drug occurred Similar statistics 
come from an Army source 70 Sensitization to 
the drug did not appear to lesult from the small 
doses used proplij lacticallj , and drug resistance 
of the streptococci did not develop, but in one 
camp hemolytic stieptococci of types 17 and 19 
w r ere found to be resistant Caitei 77 states that 
at one place the incidence of scarlet fever, which 
varied between 63 and 171 per thousand, fell to 
0 two weeks after prophylaxis began , tonsillitis 
fell from 426 to 46, and rheumatic fever from 87 
per thousand to 0 He estimates that between 
$50,000,000 and $100,000,000 w f ere saved by the 
procedure 

In a series of papers in the January issue of 
the Annals of Internal Medicine, Juhanelle and 
Siegel report the effects of sulfonamide pio- 
phylaxis on acute infections of the respnatory 
tract They gave sulfadiazine during fifteen 
weeks m the wmtei months to children m an 

74 Coburn, A F Alass Sulfadiazine Prophylaxis 
of Respiratory Infections in the U S Navy, Bull 
New York Acad Aled 21 281-301 (June) 1945 

75 (a) Coburn, A F The Control of Streptococcus 

Hemolyticus, Alii Surgeon 96 17-40 (Jan ) 1945 ( b ) 

Hodes, H L , Schwentker, F F , Chenoweth, B AI , 
and Peck, J L Scarlet Fever as an Air-Borne Infec- 
tion, Am J AI Sc 209 64-69 (Jan ) 1945 

76 Lee, R V Reactions Following Mass Adminis- 
tration of Sulfadiazine, J A Al A 126 630-631 (Nov 
3) 1944 

77 Carter, T J Alass Chemoprophylaxis at All 
Naval Training Stations, JAMA 127 96 (Jan 
13) 1945 
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institution, fiist 1 Gm daily and then 2 Gm 
daily, each child receiving a total of 148 Gm 
Although mild infections of the lespiratory tract 
and pneumonia were uncommon dui mg this time, 
the number of attacks and the seventy of both 
diseases were the same in the tieated as m the 
control gioup Puiulent nasal dischaige was the 
same m each group Chickenpox also occuired 
equal!)- in both Toxic effects weie negligible 
The effects of sulfonamide drugs on the bacterial 
floia of the thioat were of intei est The most 
striking was the rapid disappearance of giam- 
negative cocci and then giadual return even 
dunng treatment, those which leappeaied had 
acquired toleiance for the drug Hemolytic 
streptococci were only slightly affected The 
piesence of the indifferent and gamma strep- 
tococci in the throats of both the subjects and 
the controls indicated that these forms of the 
organism were uninfluenced by the diug Of 
interest was the lesponse of pneumococci 
These, numerically at least, lemamed constant 
during treatment, but changes in the types 
piesent were striking Although numerous 
types of pneumococci were piesent before treat- 
ment in the treated group and remained un- 
changed in the untreated group, those of the 
treated group changed greatly dui mg therapy 
Many of the types present befoie treatment dis- 
appeared, to be replaced almost entirely by types 
XI and XVIII This change can be accounted for 
by the fact that pneumococci highly susceptible 
to the effects of sulfadiazine die off and others 
which are originally resistant or which develop 
resistance to the drug remain Pneumococci 
which develop a high degree of resistance are un- 
changed m virulence or type specificity After 
treatment is discontinued the distribution of 
types present before treatment returns 

A disturbing fact was that certain stiams of 
bacteria which developed resistance to the drug 
m treated subjects weie transmitted to children 
m the control groups 78 Continuous sulfadiazine 
therapy was particularly accompanied with the 
appearance and spread of two di ug-resistant 
strains, type 11 and type 18A After theiapy 
was discontinued, these types diminished m 
numbei but weie still piesent m a few earners 
for fourteen months The development and 
spread of such diug-iesistant pneumococci would 
be a hazard were it not for penicillin As m 
studies on the hemolytic stieptococcus discussed 
last year, the authors suggest that pneumococcic 

78 Siegel, M , Karr, H V, and Julianelie, L A 
The Epidemiology of Acute Respiratory Infections 
Conditioned by Sulfonamides V Carrier Epidemic of 
Sulfonamide-Resistant Pneumococci, Am J Hyg 41 
228-241 (March) 1945 


infection is precipitated not so much by the per- 
son’s own normal bactenal residents as by new 
types suddenly acquired from outside sources 

Diffeient lesults were obtained by other m- 
vestigatoi s 73 who, after using sulfonamide com- 
pounds m tieatment, found sulfonamide-resistant 
pneumococci far less often than they expected to 
Appai ently none of the strains tested in their 
cases became resistant during treatment Of the 
strains of pneumococci found befoie sulfonamide 
theiapy, about 30 pei cent persisted As in 
studies previously mentioned, types of pneu- 
mococci not piesent before appealed during and 
aftei treatment 

In a papei by Plummer and others, 5 penicillin 
is judged to be moie effective than sulfonamide 
compounds m the treatment of hemolytic strep- 
tococcus infection of tlje throat In the author’s 
expei lence seveie infection caused by these bac- ij 
tena occasionally occuned during tieatment with ( 
sulfadiazine 

Tieatment of Acute Infections of the Upper > 
Respnatoiy Tract wth Sulfonamide Compounds l i 
— According to Cecil, 80 neither the sulfonamide 1 
diugs nor penicillin aie indicated m treating 
ordinary coryza or gup They may be useful in ‘ 
rare instances when complications caused by . 
di ug-sensitive bacteria are present For these, 
penicillin may entnely replace the sulfonamide 
compounds 

Sulfonamide Pi ophylaxis in Oial Suigeiy — 
Bacteremia occuned m 25 of 30 patients (83 
per cent) immediately aftei extraction of teeth, j 
m Pi essman and Bender’s S1 experience Str » 
viridans was most often present , Staphylococcus > 
albus, the pneumococcus and the nonhemolytic 
streptococcus, occasionally Of patients treated 
with sulfanilamide before extraction of teeth, 23 
out of 30 (77 per cent) were found to have 
organisms in the blood on culture Sulfanilamide 
obviously exerted no immediate quantitative ef- 
fect on bacteria but reduced the numbers present 
m ten minutes Theie was, however, some im- 
mediate qualitative effect Aerobically sulfanil- 
amide exeits no bactenostatic effect on Str 

viridans, but it does anaerobically In anothei 
) 

79 Goodwin, R A , Wilcox, C, and Finland, M ! 
Persistence of Pneumococci m Sulfonamide Treated 1 
Cases of Pneumonia, Am J M Sc 209 628-639 (May) 
1945 

80 Cecil, R L Chemotherapy m Acute Upper Re- } 
spiratory Infections, Bull New York Acad Med 21 1 
263-277 (May) 1945 

81 Pressman, R S , and Bender, I B Effect of 
Sulfonamide Compounds on Transient Bacteremia Fol- 
lowing Extracting of Teeth I Sulfanilamide, Arch 
Int Med 74 346-353 (Nov ) 1944 
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study/ 2 subacute bactenal endocarditis followed 
the extraction of a tooth from a patient with 
rheumatic heart disease despite sulfadiazine 
therapy three days before and three days after- 
ward In spite of a lack of supportive evidence, 
the authors still believe that “ the streptococcal 
focus m the teeth might even be etiologically 
significant m continuing the rheumatic activity ” 

Unless, as stated, the sulfonamide compounds 
actually do inhibit Sti viridans in an anaeiobic 
milieu, there seems to be little to be hoped for in 
the prevention of subacute bactenal endocarditis 
by sulfonamide therapy Perhaps prophylaxis 
with antibiotics will be more successful Both 
would be successful if bacteria susceptible to 
their action were commonly found in the blood 
by operative procedures At present dental ex- 
tractions and tonsillectomies should be perfoi med 
only if absolutely necessary on patients with 
valvular disease 

A description Su is given of a method, said to 
be reliable enough to be of clinical value in the 
selection of therapy, for testing the susceptibility 
of group A hemolytic streptococci to sulfonamide 
compounds 

Sulfonamide Pi ophylaus foi Mcmngococac 
Infections — There is no longei doubt of the 
supenority of sulfonamide prophylaxis or ther- 
apy of menmgococcic infections 4 Prophylactic 
doses, however, cause only immediate cure or 
suppression of infection , the organisms soon 
return after treatment is stopped 84 In treatment 
of meningitis, the response to penicillin is slower 
than the response to sulfadiazine, the carnei 
state persists, and there may be recurrences In 
a report from Scotland 88 on over 2,000 cases, the 
mortality rate was reported as 17 pei cent after 
treatment with sulfathiazole, sulfapyridme oi 
sulfanilamide One wonders why the reported 
rate is so much higher than that of many Ameu- 
can series 

82 Clement, D H , and Montgomerj , W R Sub- 
acute Bactenal Endocarditis Report of a Case with 
Apparent Failure of Sulfonamide Prophylaxis Compli- 
cated by Massive Hemoperitoneum, Ann Int Med 
27 274-282 (Feb ) 1945 

83 Wilson, A T Method for Testing m Vitro Re- 
sistance of Group A Hemolytic Streptococci to Sulfona- 
mides, Proc Soc Exper Biol & Med 58 130-133 
(Feb) 1945 

84 Phair, J J , and Schoenbach, E B IV The 
Transmission and Control of Meningococcal Infections, 
Am J M Sc 209 69-74 (Jan ) 1945 

85 Sulphonamides in the Treatment of Meningo- 
coccal Meningitis, Report to the Scientific Advisory 
Committee, Department of Health foi Scotland, New 
York, British Information Services, 1944 


Local Therapy with Sulfonamide Compounds 
—-According to Technical Bulletin 147 , HJaich 
1945, the War Department abandoned the local 
use of any chemical agent, including crystalline 
sulfonamide compounds, for their supposed effect 
in the prevention or treatment of infections The 
local use of sulfonamide compounds in w'ounds 
after surgical operations, including those lmoh- 
mg serous cavities, is not recommended The de- 
cisions aie of value in restraining the manufac- 
ture and needless waste of various sulfonamide 
dressings, lotions, ointments and emulsions 

CONTROI 01 AIR-BORNE IXrnCTJONS 

Robertson and his associates, 80 in a two jeai 
study of air-borne infections, show how cm iron- 
mental contamination be diseased persons or b\ 
cainers of pathogenic bacteria results m secon- 
dary reservoirs of infectious agents in bedding 
and flooi dust, from winch dried secretions bear- 
ing pathogenic agents are resuspended in the an 
in particulate form A gieat increase in the 
numbers of air-borne streptococci follows bed 
making and sweeping, which probabl) constitute 
more impoitant causes of contagion than does 
expulsion of "droplet nuclei” by infected persons 
Measures to control such infections are designed 
to kill the pathogenic agents suspended in the an 
with bactericidal tnethylene gtycol vapor and by 
treatment of blankets, bedding, clothing and 
floors with oil to prevent the dispersal of dust 
bearing bacteria or viruses into the air 

The matter is the subject of a symposium pub- 
lished in the February issue of the Amencan 
Journal of the Medical Sciences Disinfection of 
an with propylene glycol and triethylene glycol 
causes a decrease in the incidence of infections of 
the respiratory tract, and in experimental studies 
ultraviolet rays reduced the incidence of air- 
borne tuberculous m labbits 

INrCCTIONS or the respiratory tract 

Vval Pneumonia (Vnoid) — It is unfortunate 
that common usage has permitted the term 
"atypical pneumonia” to be so generally applied 
to one of the most common of diseases 87 1 he 
word "atypical” means "not typical,” but the 
disease is certainly typical in itself Since its 
first presentation as a separate entity oi syndrome 

86 Robertson, O H , Hamburger, M , Loosli, C G , 
Puck, T T , and Lemm, H M A Study of the Nature 
and Control of Air-Borne Infection m Army Camps, 

J A M A 126 993-999 (Dec 16) 1944 

87 Commission on Acute Respiratory Disease I 
Atypical Pneumonia, Am J M Sc 209 55-58 (Jan ) 
1945 
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m 1938, 1 88 most evidence favoied the view that 
one oi moie viruses were the cause, but, since 
the ultimate pi oof has not yet been attained m 
the majority of cases, many are timid about 
using the terms "vims” oi "vnal” When one 
judges from acompanson with known vnal pneu- 
monias, fiom the clinical and clinical pathologic 
behavioi, fiom studies at necropsy 80 and from 
evidence that the disease can be, tiansmitted to 
voluntceis by inoculation with filteied secretions 
fiom patients, 00 what else can one believe but 
that agents now classified as filtiable viuises are 
opei ative ? 

Objection may be made even to the use ot 
the term "pneumonia” m the name "viral pneu- 
monia,” since the same causative agent or agents 
give rise to far moie mild attacks without pneu- 
monia than to attacks with pneumonia An 
analogy may be drawn with plague oi tularemia , 
these infections are essentially systemic in nature 
although m certain cases the lungs show evi- 
dences of pneumonia , yet the terms "plague” and 
"tulaienua” include all manifestations of eitliei 
disease It seems desirable, therefore, to employ 
an inclusive term, and elsewhere 01 I have pro- 
posed the word “viroid” to leplace the meaning- 
less name "atypical pneumonia” for the acute 
infections of the respnatoiy tract of unknown 
cause in question “Viroid” has countei parts in 
"typhoid” and "varioloid ” The term means 
"virus-like” , it includes all clinical vai leties of 
the disease and is broad enough to allow for the 
possible existence of several implicated viruses 
These can be named as they are eventually iso- 
lated and established as the causes of separate 
specific entities, as has already happened m the 
case of ornithosis, for example 

If the term “viroid” is tentatively used, the 
disease falls in line with the ones known as the 

88 Rumann, H A An Acute Infection of the Re- 
spiratory Tract with Atypical Pneumonia A Disease 
Entity Probably Caused by a Filtrablc Virus, JAMA 
111 2377-2384 (Dec 24) 1938 Rcimann, H A , and 
Stokes, J An Epidemic Infection of the Respiratory 
Tract in 1938-1939 A Newly Recognized Entity, Tr 
A Am Physicians 54 123-129, 1939 

89 Golden, A Pathologic Anatomy of “Atypical 
Pneumonia, Etiology Undetermined,” Arch Path 38 
187-202 (Oct) 1944 

90 (a) Commission on Acute Respiratory Diseases 
Transmission of Primary Atypical Pneumonia to Human 
Volunteers, JAMA 127-146-149 (Jan 20) 1945 
(b) Dingle, J H The Present Status of the Etiology 
of Primary Atypical Pneumonia, Bull New York Acad 
Med 21 235-262 (May) 1945 

x 91 Rcimann, Ii A Atypical Pneumonia, Viral 
Pneumonia or Viroid Pneumonia? JAMA 127 
543 (March 3) 1945 


common cold, grip and influenza, 0 - each ot 
which may at tunes include attacks of specific 
pneumonia An etiologic ari angement would thus 
appeal as follows 


Epidemic Forms 
Common cold 

Grip 

Viroid 

Influenza A, B and Y 
(Stuart-ITarns) 


Spoiadic Forms 
Psittacosis, ornithosis, ailotiro- 

S1S 

Grip 

Viroid 

Lymphogi anuloma venereum 

Lymphocj tic choriomeningitis 

Vaucclla 

Vaccinia 

Variola 

Others 


The confusion in terminology is l'urthei lllus- 
tiated m a paper 03 discussing the lesemblance of 
occasional attacks of "atypical” pneumococcic 
pneumonia to "atypical pneumonia ” The cases 
of pneumococcic pneumonia piesented were of 
the kind which fiist led to the use of the woid 
‘atypical” For jxvtients from whom no pneu- 
mococci could be isolated from the sputum, "le- 
verse” typing w^as done by testing the patients’ 
set urns every othei day with the capsule-swellmg 
test using stock pneumococci of fiftv-six types 
The authois point out the diagnostic difficulties 
which may arise In certain instances pneumococ- 
cic pneumonia may lesemble vnal pneumonia in 
many icspects, but in my expenence confusion 
does not occui often The point to emphasize is 
that evei y eff oi t should be made to determine the 
cause in all cases of pneumonia, and if evidence 
of the activity of ceitam bactena are found the 
patient should be piomptly tieated with peni- 
cillin, sulfadiazine oi specific immune seium 
Theie is always the probability that infection 
with diug-sensitive bacteria ma\ be superim- 
posed in viral pneumonias 

Etiologic Studies There is still doubt as to 
whethei the cat pneumonia viiuses of Baker and 
of Howard cause diseases m human beings and 
of the importance of the mongoose-infecting virus 
discovered by Horsfall In 1 case, Howaid fM 1 
succeeded m causing pneumonia m cats by mocu- , 
latmg them with orophaiyngeal w-asliings fiom 
patients with viral pneumonia, but it w r as uncei- f 
tain whethei the causative agent came fiom the ; 

i — ■ 1 t 

92 Finland, M , Parker, F , Barnes, M W , and ’ 
Joliffc, L S Acute Myocarditis in Influenza A In- 
fections, Am J M Sc 209 455-468 (April) 1945 

93 Racker, E , Rose, S P , and Turner, A O 
Pneumococcic Pneumonia Resembling Primary Atypical 
Pneumonia, Am J M Sc 209 496-502 (April) 1945 

94 Howard, M E , Blake, F G , and Tatlock, H 
Feline Pneumonia Following Inoculation with Human 
Nose and Throat Washings, Federation Proc 4 147-14S 
(March) 1945 
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patients or was latent in the cats, becoming acti- 
vated by the piocedure In the other case, 05 
fuither studies showed that mongooses could not 
be infected with material from patients with viroid 
among Aimy personnel, noi could they be in- 
fected With preserved material from previously 
sick mongooses 

Another point as yet apparently not considered 
is the possibility of a genuine etiologic relation 
of mouse meningopneumonitis vnus and mouse 
pneumonitis virus 9G found in mice to human 
vuoid These viruses are native in mice, and 
when human secietions aie injected into these 
animals for test, the development of disease in 
mice, if it occuis, is usually regaided as ansing 
from an activation of virus already present m 
the animals Why can this not be an actual 
transmission of a disease agent which is also 
operative m human beings ? That both human 
beings and mice may be subject to the same dis- 
eases is suggested by an infection with meningo- 
pneumonitis infection virus conti acted by a labo- 
ratory woiker and by previous studies on lymph- 
ocytic choriomeningitis More study is needed to 
settle this point 

A pneumonia virus was obtained from mice 
inoculated with matenals from the lungs of human 
beings with pneumonia 97 The lungs of mice with 
this infection contained an agent which specifically 
agglutinated mouse erythiocytes in a manner 
similai to the agglutination of chicken eiythro- 
cytes with influenza virus Fluid from the lungs 
of a patient with pneumonia agglutinated homol- 
ogous erythrocytes and guinea pig red cells as 
well, but not chicken erythrocytes 

The relation of streptococcus MG , or 344, to 
viroid is still mysterious In Meiklejohn and 
Hanford’s study, 98 agglutinin for this coccus was 
present m about 40 per cent of patients, but cold 
agglutination occurred in a greater number and 
neutralizing bodies usually appeared for a virus 
which was isolated from these patients Many 
patients in whom these neutralizing bodies devel- 
oped had no streptococcus agglutinin Further- 

95 Dammm, G J , and Weller, T H Attempts to 
Transmit Primary Atypical Pneumonia and Other Re- 
spirator}' Tract Infections to the Mongoose, J Immunol 
50 107-114 (Feb ) 1945 

96 Eaton, M D , and Y an Herick, W Demonstra- 
tion in Cotton Rats and Rabbits of a Latent Virus Re- 
lated to Pneumonia Virus of Mice, Proc Soc Exper 
Biol & Med 57 89-92 (Oct ) 1944 

97 Mills, K C, and Dochez, A R Specific Agglu- 
tination of Murine Er> tiirocytes by a Pneumonitis Virus 
in Mice, Proc Soc Exper Biol & Med 57 140-143 , 
(Oct) 1944 

98 Meiklejohn, G, and Hanford, V L Agglu- 
tination Tests with Streptococcus No 344 in Primary 
Atjpical Pneumonia, Proc Soc Exper Biol & Med 
57 356-358 (Dec ) 1944 


more, m the successful transmission experiments 
commented on before, streptococcus agglutinins 
appeared only occasionally A relation of the 
sti eptococcus to vn oid is not evident To account 
foi the immunologic lesults with the streptococ- 
cus m question, it is suggested 90b that various 
agents involved may have antigens m common 
or that changes in blood proteins during the 
disease may give use to nonspecific reactions 
Foui papeis on viral pneumonia appear in the 
March issue of the Journal oj Clinical Investi- 
gation A 9 lepresenlmg conflicting views on a 
numbei of points The naval group of mvesti- 
gatoi s 100 again emphasize the possible role of 
Sti eptococcus MG (Rockefeller no 344) in the 
pathogenesis of the disease and doubt the sig- 
nificance of the vi i us studied by the California 
gi oup 99d as a cause of the disease, since lesions 
in the lungs of animals caused by a variety of 
other agents w ei e similai and none were furthei 
tiansmissible The California group, 99< - on the 
othei hand, leport 16 cases of viral pneumonia 
piesumably caused by their new vnus, in most 
of which a cold agglutinin and neutializmg anti- 
bodies for the virus appeared during early con- 
valescence Among the volunteers of the Arm) 
investigating group 99 who appaiently contracted 
vnoid by inhaling filteied secretion fiom patients, 
none showed agglutinins for Sti eptococcus MG, 
and this streptococcus was not recovered in sig- 
nificant numbers from any of the subjects who 
leceived either unfiltered or filteied infectious 
material This evidence is said to indicate that 
Streptococcus MG did not play a significant lole 
in the disease transmitted to any of the volun- 
teers 90b In 3 of the 10 volunteers a cold agglu- 
tinin developed after the disease 

The problem is obviously complicated, and 
much fuithei study is needed Cunously, no 
tefeience is made in any of the four papers to 
the early contribution on the subject 88 m which 
the names of the disease now commonly used 
(atypical pneumonia, virus pneumonia) w'ere 

99 (a) The Commission on Acute Respiratory Dis- 

eases An Experimental Attempt to Transmit Primary 
Atypical Pneumonia m Human Volunteers, J Clm 
Investigation 24 175-188 (March) 1945 ( b ) Curnen, 

E C , Minclc, G S , Ziegler, J E , Ihomas, L, and 
Horsfall, F L Studies on Primary Atypical Pneu- 
monia I Clinical Features and Results of Laboratory 
Investigations, ibid 24 209-226 (March) 1945 ( c ) 
Thomas, L , Mirick, G S , Curnen, E C , Ziegler, 

J E, and Horsfall, F L II Observations Concern- 
ing the Relationship of a Non-Hemoljtic Streptococcus 
to the Disease, ibid 24 227-240 (March) 1945 ( d ) 
Meiklejohn, G , Eaton, M D , and van Herick, W A 
Clinical Report on Cases of Primary Atypical Pneu- 
monia Caused by a New Virus, ibid 24 241-250 (March) 
1945 

100 The Commission on Acute Respiratory Dis- 
eases 00,1 Curnen 99b Thomas and others 99c 
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first suggested, the disease was established as a 
distinct entity, the fiist studies implicating a 
viius as the etiologic agent weie descubed, a 
lesemblance to psittacosis was pointed out, the 
clinical couise was descubed (including the de- 
la} ed pulmonaiy signs, biadycaidia, neivous 
manifestations, loentgenogiaphic changes, paucity 
of complications and ineffectiveness of sulfon- 
amide compounds) and, finally, m which it was 
pointed out that the pneumonic fonns may lepre- 
sent only the severe forms of a fiequently nnld. 
epidemic infection of the lespnatory tiact All 
of these points have been confiimed, and little 
of clinical impoitance has since been added de- 
spite the enormous amount of work done 

Cold Agglutination Numeious lepoits of 
studies on cold agglutination of erytln ocytes dui - 
mg the disease have appealed It seems that the 
leaction occurs m many conditions and diseases 
but more often and in higher titeis m viroid 
Titeis higher than 1 160 are seldom found m 
other diseases but are common in seveie vuoid 
The reactions may persist m high dilution foi 
many months aftei an attack and may appeal 
and disappear in peisons without evident infec- 
tion 101 Yet the leaction was present in only 55 
per cent of cases leported m one study, 102 and 
m only 31 per cent was the titer higher (1 64 oi 
more) than that which occurs in othei common 
infections The titer is often in pioportion to 
the severity of the disease Cold agglutination 
developed m most of the experimentally infected 
volunteers 90 In another leport, 101 cold agglu- 
tination is said to have appeared eight to twelve 
days after the onset of the disease The causa- 
tive factor lay in the globulin fraction, implicating 
an antigen-antibody leaction During one epi- 
demic all patients showed a cold agglutinin, in 
another the reaction was not consistently present 
The reaction is helpful m diagnosis only when it 
is strongly positive and aids m differentiating 
vuoid fiom other diseases, especially from bac- 
terial pneumonia, pulmonary tuberculosis and 
the psittacosis-ornithosis group of infections 

Clinical Observations From many clinical re- 
ports during the past year very little new infor- 
mation has accrued The possibility of the 
development of bronchiectasis is discussed 104 

101 Favour, C B Autohemagglutinins — “Cold 
Agglutinins,” J Clin Investigation 23 891-897 (Nov ) 
194-1 

102 Commission on Acute Respiratory Diseases 
Cold Hemagglutinins m Primary Atypical Pneumonia 
and Other Respiratory Infections, Am J M Sc 208 
742-750 (Dec) 1944 

103 McNeil, C The Relationship of Cold Agglu- 
tinins to the Cause of Primary Atypical Pneumonia, 
Am J M Sc 209 48-54 (Jan ) 1945 

104 Kay, E B Bronchiectasis Following Atypical 
Pneumonia, Arch Int Med 75 89-104 (Feb ) 1945 


but probably is not important I have not yet 
encountered bronchiectasis as a sequel The 
bronchial walls may be dilated, but othei evi- 
dence of bronchiectasis was not present m studies 
made at neci opsy 89 In patients in which it does 
occur, the possibility of preexisting latent 
bronchiectasis must always be consideied Frac- 
tuies of ribs from excessive severe coughing 
occuued m 19 of 500 patients m one series 
studied, 105 and so m case of excessive pam m 
the chest in patients with the disease this acci- 
dent must not be mistaken foi pleurisy, which 
is an uncommon accompaniment One may 
question the statement m one paper 100 that 
viroid pneumonia “is not a contagious disease ” 
In the same paper, complications of meningitis, 
pleural effusion and “aputnd” pulmonary ab- 
scess are leported, but on pool evidence The 
only indications of meningitis were a few doubtful 
neurologic signs and the presence of 33 lympho- 
cytes m one sample of spinal fluid , pleural 
effusion and abscess w ei e diagnosed on the basis 
of unceitam roentgenographic appearances alone 

Treatment In spite of all advice to the con- 
trary, sulfonamide theiapy is still widely em- 
ployed for viroid One authoi 107 writes that 
sulfonamides were actually given as a thera- 
peutic diagnostic test Certainly better methods 
of diagnosis are m order Penicillin, likewise 
shown to be ineffective against vnal infections, 31 
is said to give good lesults, 108 but the leport is 
unconvincing, no controls were observed 

Varying Forms of Viral Pneumonia Two 
fatal cases of influenza associated with bactei la- 
free pneumonia are described 92 Influenza virus 
A was obtained fiom the pneumonic areas at 
necropsy, giving further proof that a viral foim 
of pneumonia occurs m tiue influenza 

A small outbreak of a severe form of a 
psittacosis-hke disease, with 8 deaths in 19 known 
cases, occui red m Louisiana 100 The disease can 

105 Harvey, R M Rib Fractures in Atypical 
Pneumonia, Am J Roentgenol 52 4S7-493 (Nov ) 
1944 

106 Glendy, R E , Beaser, S B , and Hankins, W D 
Primary Atypical Pneumonia of Unknown Cause, with 
Unusual Manifestations and Complications, Arch Int 
Med 75 30-38 (Jan ) 1945 

107 Gunderson, S Primary Atypical Pneumonia of 
Unknown Etiology, New England j Med 231 697-700 
(Nov 23) 1944 

108 Short, J J Penicillin in the Treatment of Pri- 
mary Atypical Pneumonia, U S Nav M Bull 43 
974-980 (Nov) 1944 

109 Olson, B J , and Treuting, W L An Epidemic 
of a Severe Pneumonitis m the Bayou Region of 
Louisiana I Epidemiological Stud}, Pub Health Rep < 
59 1299-1311 (Oct 6) 1944 Tieuting, W L, and ' 
Olson, B J II Clinical Features, ibid 59 1331-1356 
(Oct 13) 1944 Binford, C H and Hauser, G H 
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probably be included with the spoiadic fonns of 
viral pneumonia, since no mild forms of it were 
recognized It was thought to have been spi ead 
from person to person as an air-borne infection, 
but the source of the disease is unknown A 
virus was readily isolated by the inti apentoneal 
or mtranasal inoculation of mice with washings 
from the throats and with material from the lungs 
of patients studied at necropsy It appeared to 
belong to tire psittacosis gioup of pathogens 
One of my own patients with a severe attack of 
psittacosis or ornithosis had shot quail in South 
Carolina ten days before the onset of illness 
This occurience suggests the possible existence 
of ornithosis in game birds 

Report 110 was made of diagnosis of 6 cases 
of ornithosis on the inadequate basis of a single 
positive complement fixation reaction m each 
instance and of possible contact with pigeons 
Diagnosis can be accepted tentativelj only if 
the tests show a rise of titer and then a fall aftei 
the disease and if there was leasonable proof 
of contact with infected birds, positne diagnosis 
can be made only if the agent is isolated and 
identified Reports like this one confuse the 
issue and should not be published 

Pinkerton and his co-woikers 111 leport a 
subacute or chronic form of pneumonia m infants, 
characterized by large multmucleated cells and 
cytoplasmic and intracellular inclusions in the 
pulmonary tissues The histologic leactions 
resemble those seen occasionally in measles and 
in canine distempei and are different from those 
m the pneumonia of infants described by Good- 
pasture and by Adams The studies suggest the 
need for investigating the possibility that human 
viral pneumonia can be contracted fiom dogs 
with distemper 

Othei poims of Pneumonia — Intel est is in- 
creasing in transitory pulmonary infiltrations 
associated with eosmoplnlia, often called Loeffier’s 
syndrome 132 It would seem that the condition 
may occur as a result of allergic sensitization to 
the products of many parasites, including ascaris, 
liver fluke and Endamoeba histolytica Perhaps 
any prolonged mild infection associated with 
allergic phenomena may cause the syndrome 

III Pathological Observations, ibid 59 1363-1373 (Oct 
13) 1944 Olson, B J , and Larson, CL IV A Pre- 
liminary Note on Etiology, ibid 59 1373-1374 (Oct 20) 
1944 

110 Levinson, D C , Gibbs, J , and Beardwood, J T 
Ornithosis a Cause of Sporadic Atypical Pneumonia, 
JAMA 126 1079-1084 (Dec 23) 1944 

111 Pinkerton, H , Smiley, W L, and Anderson, 
W A D Giant Cell Pneumonia with Inclusions, 
Am J Path 21 1-15 (Jan ) 1945 

112 Transitory Pulmonary Infiltration Associated 
with Eosmophilia — Loeffler’s Syndrome, editorial, J A 
M A 126 837 (Nov 25) 1944 


Pneumonia in Association with Malaua 

When pneumonia occurs w ith malaria, it is often 
difficult to decide whether it is of bacterial or 
viral origin or is a manifestation of malaua 
itself Most obseivcrs do not believe that a 
specific malarial pneumonia occurs but beliete 
that the pulmonary disturbance is caused b\ 
blockage of vessels with disintegrated red cells b) 
atelectasis or by othei factors In one senes ot 
patients, 113 pneumonia w'as diagnosed for 3 7 per 
cent The symptoms resembled those of uroid 
pneumonia Bntish clinicians legard the rela- 
tion of viral pneumonia to malaria as fortuitous 1U 

Wood and Pierson llj studied 1 of the rare 
cases, or at least 1 of the iarel) recognized cases 
of pulmonary adenomatosis The lesion in the 
lung was a diffuse aheolar epithelial hyperplasia 
resembling noncaseatmg disseminated milian 
tuberculosis and also resembling the disease 
called epizootic adenomatosis, or jaagsicltc, 
occuinng in sheep and other animals Then 
observations raise a number of important ques- 
tions (1) wdiether the disease in human beings is 
i elated to that m sheep, (2) whether a tit us 
may be the cause, giving rise to a tumor-like 
hyperplasia like that caused by Shope’s papilloma 
virus, (3 J wdiethei the cells lining the aheoh 
are epithelial m natuie, and (4) wdiether theie is 
a possibility that the disease is not so lare as is 
believed and may be mistakenly diagnosed as 
pulmonary cancer J 

Influenza — Shope 130 review's the develop- 
ments in the knowdedge of influenza He leitei- 
ates his own theory that human influenza was 
transmitted to hogs during the pandemic of 1918 
The virus of hog influenza, if it w r as 1 elated to 
that outbreak, as it seems to have been is the 
only proof of the identity of the disease wuth 
influenza as it is now' understood One wonders, 
how'ever, if hogs have been infected only since 
1918, as Shope suggests They ceitainly must 
have been exposed to the pandemic of 18S9 and b 
to previous ones and like human beings, pei- 
haps seived as occasional resen on s of infection 
Both would seem to be able to seive as mutual 

113 Applebaum, I L, and Shrager, J Pneumonitis 
Associated with Malaria, Arch Int Med 74 155-162 
(Sept ) 1944 

114 Fleming, J , Lindeck, E W, and Evans, I H 
“Primary Atypical Pneumonia” An Epidemic Associ- 
ated with Malaria, Brit M J 1 689-693 (May 19) 
1945 

115 Wood, D A., and Pierson, P H Pulmonan 
Alveolar Adenomatosis in Man Is This the Same 
Disease as Jaagsiekti m Sheep ? Am Rev Tuberc \ 
51 205-224 (March) 1945 

116 Shope, R. E Old, Intermediate and Contem- 
porary Contributions to Our Knowdedge of Pandemic 
Influenza, Medicine 23 415-455 (Dec ) 1944 
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lansmitteis, to begin 01 to piopagate epidemics 
n eithei or both species 

Bntish Mens on influenza aie summarized by 
Stuart-Harris 117 In many epidemics m Eng- 
land dm mg the past few j-eais various combina- 
tions of influenza A, B and unknown forms 
occuri ed In one epidemic 50 pei cent of attacks 
were of unknown cause but weie called influenza 
Y There are thi ee theories to account for this Y 
t)pe of infection (a) It is caused by one oi more 
as yet unknown viruses, ( b ) it is caused by the 
basic virus of influenza, devoid of antigenic ability, 
and (c) it is caused by eithei type A or type B 
virus, which for some unknown reason cannot 
be isolated and gives rise to no serologic response 

Epidemics aie unpredictable, as is shown by 
the author’s mistake in predicting a laige out- 
bieak In spite of the prevalence of influenza 
virus A m 1941, the vast disoiganization caused 
by aerial bombing was not accompanied with an 
anticipated epidemic In fact, influenza is the 
only important epidemic disease unaffected thus 
fai by the war 118 

Acute collapse of the cnculatory system and a 
shocklike state have long been recognized as 
senous complications oi sequelae of influenza 
and of vnal pneumonia They were thought to be 
caused by some toxic effect on the cential ner- 
vous system or on the heait itself Finland and 
his associates 92 review the information on the 
subject and describe 2 cases of their own Both 
patients had influenza, and at necropsy bactena- 
fiee pneumonitis and acute myocarditis weie 
found Influenza virus A was thought to have 
caused the myocardial lesions 

Prevention of Influenza ' In discussing the 
piospects of preventing epidemics of influenza, 
one authoi believes m the use of all procedures 
available, including general measuies of hygiene, 
aerial disinfection, quaiantme and vaccine If a 
vn us of different characteristics f l om that against 
w Inch vaccines are available were operative, vac- 
cine w'ould not help unless the curi ent virus were 
used as an antigen 

Attempts to impiove influenza vaccine are 
being made 119 The use of Hirst’s concentrated 
vaccine reduces the attack late but not enough 
to be of practical value Vaccine, if it is used 
at all, is best given eaily m an outbreak after its 
identification, if given m anticipation of an out- 

117 Stuart-Harris, C H Influenza and the In- 
fluenza Viruses, Brit M J 1 207-216 (Feb 17), 251- 
257 (Feb 24) 1945 

118 Stownian, K The Epidemic Outlook m Europe, 
J A M A 128 185-188 (May 19) 1945 

119 Hirst, G K , Rickard, E R, and Friedewald, 
W F Studies in Human Immunization Against In- 
fluenza Duration of Immunization Induced by In- 
active Virus, J Exper Med 80 265-273 (Oct) 1944 


break it may be wasted, since outbreaks of in- 
fluenza are unpredictable and immunity is of brief 
dui ation Stanley 120 describes a successful pi o- 
ceduie of centrifugation foi the production of 
concentiated vaccine m laige amounts Other 
studies show'' that the immunizing effect on mice 
of f oi maldehy de-treated influenza virus can be 
enhanced and prolonged by precipitation of the 
vn us on calcium phosphate 121 

The inti aperitoneal injection of atropine sul- 
fate before the mtranasal inoculation of influenza 
virus m mice decreases the incidence and extent 
of infection of these animals’ 22 

Other Studies on Influenza According to 
Hnst, 123 the most sensitive method to recovei 
influenza virus is through the inoculation of 
chick embryos by the allantoic route with thioat 
washings containing penicillin to suppiess bac- 
tenal giowth Eaton and his associates, 121 how- 
ever, found the chick embiyo technic to be 
quickei but less lehable than the technic of in 
oculation of either hamsters or ferrets Others, 128 
using the chick embryo method, record the im- 
portant finding of influenza virus in the tin oats 
of 5 of 13 healthy persons who had been in con- 
tact with patients suffering from influenza A 
In 9 of the 13 studied, significant increase of anti- 
bodies to influenza vn us A appeared according to 
the test of inhibition of agglutination of red blood 
cells In 3 of those from whom the virus was 
isolated, no antibodies developed The results 
verify an old concept that some healthy persons 
cany the virus and may be of great importance 
in the spiead of influenza 

The question arises 126 as to whethei influenza 
vnus causes neurologic distui bailees by actually 

120 Stanley, W M The Preparation and Proper- 
ties of Influenza Virus Vaccines Concentrated and Puri- 
fied by Differential Centrifugation, J Exper Med 81 
193-217 (Feb) 1945 

121 Salk, J E The Immunizing Effect of Calcium 
Phosphate Adsorbed Influenza Virus, Science 101 
122-124 (Feb 2) 1945 Stanley, W M The Pre- 
cipitation of Purified Concentrated Influenza Virus and 
Vaccine on Calcium Phosphate, ibid 101 332-335 
(, March 30) 1945 

122 Wheeler, A H , and Nungester, W J The 
Effect of Atropine Sulfate on the Course of Influenza 
Virus Infection, Science 100 523-524 (Dec 8) 1944 

123 Hirst, G K Direct Isolation of Influenza Virus 
m Chick Embryos, Proc Soc Exper Biol & Med 58 
155-157 (Jan) 1945 

124 Eaton, M D , Corey, M , van Henck, W , and 
Meiklejohn, G A Comparison of Various Methods 
of Demonstrating Influenza Virus m Throat Washings, 
Proc Soc Exper Biol & Med 58 6-9 (Jan ) 1945 

125 Crowley, J H , Thigpen, M P , and Riekard, 
E R Isolation of Influenza A Virus from Normal 
Human Contacts During an Epidemic of Influenza A, 
Proc Soc Exper Biol & Med 58 345-356 (Dec ) 1944 

126 Henle, G, and Henle, W Neurological Signs 
in Miee Following Intracerebral Inoculation of In- 
fluenza Viruses, Science 100 410-411 (Nov 3) 1944 
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glowing in biain tissue 01 by its toxicity in a 
niannei sinnlai to that of the psittacosis gioup 
of pathogens, as repoited by Rake and Jones 
last year 

One authoi, 127 impiessed by certain reports 
of reduction of the incidence of colds by sulfon- 
amide prophylaxis, aigues that colds theiefoie 
are not caused by viruses Without evidence for 
his assumption, he wntes that most colds are 
caused by sti eptococci , that is, the Str viridans 
dissociates into pathogenic hemolytic streptococci 
Such transformation is not known to occui 
Other vacuous arguments are also presented, but 
his views aie contrary to general opinion 
Pneumococcic Pneumonia — Speransky, a Rus- 
sian, basing his idea on the reaction in rabbits’ 
lungs after intracranial trauma, believes that hu- 
man pneumonia results from stimuli originating 
in the central nervous system 12S This theory is 
cited as a reason for the sudden beginning of lobar 
pneumonia Because sulfonamide theiapy gave 
unfavorable results, he recommends the sub- 
cutaneous injection of piocaine hydiochloride 
solution into the area of the rhomboid muscles 
for “its neuiotrophic effect ” Within eighteen to 
twenty-four hours after injection, recover)'' is 
said to occur The line of reasoning is sugges- 
tive of osteopathic theories The author makes 
no mention of studies on the pathogenesis of 
pneumonia by American or other scientists How- 
ever, regardless of Speransky’s logic, others 129 
have also felt that nervous influence may play an 
important role in lobar pneumonia in accounting 
for both its sudden onset and its sudden ending, 
but in a different mannei 

Gmsburg, 130 adopting Speransky’s suggestion, 
reports good results m treating thyrotoxicosis, 
nephritis, pneumonia and other diseases with his 
method From his 49 cases of pneumonia, some 
of the charts look impi essive , recovery occurred 
twelve to foity-eight hours after the injection of 
procaine hydrochloride, but the data given are so 
meager as to rendei critical judgment difficult, 
only 1 death occurred No laboratory studies 
except leukocyte counts were made, because of 
war conditions The work needs confirmation, 
to say the least 

127 Brown, E E Common Cold Not Caused by 
Virus, Northwest Med 44 39-41 (Feb ) 1945 

128 Speransky, A D Experimental and Clinical 
Lobar Pneumonia, Am Rev Soviet Med 2 22-2 7 (Oct ) 
1944 

129 Reimann, H A The Pneumonias, Philadelphia, 
W B Saunders Company, 1938, p 183 

130 Gmsburg, E M Pathogenesis and Treatment 
of Lobar Pneumonia, Am Rev Soviet Med 2 28-36 
(Oct) 1944 


Diphtheua — Diphtheria is the leading epi- 
demic disease in wai-loin Eui ope 531 More than 
1,000,000 cases occui led in 1943 The most 
serious development is not so much the spread 
of the disease as its change in type, mci eased 
severity and resistance to antitoxic treatment In 
Geimany 131n one third of the population of a 
large city weie considered to be carriers 
Healthy earners are resjionsible for almost all 
cases In Baltimore, 1 ' 2 fortunately, the gravis 
type of diphtheria has not been more prevalent 
than heietofore 

Coccidioidomycosis — 11ns infection continues 
to be of importance, especially among military 
personnel stationed in western areas where the 
disease is endemic 133 In certain camps cutaneous 
reactions to the specific antigen developed m 
SO per cent of the inhabitants after exposure to 
infection In the great majority of instances the 
infection is so mild as to be unrecognized, in 
certain patients the symptoms are those of a mild 
infection of the respiratory tract and in others 
of pulmonary tuberculosis In lare cases the 
clnonic or severe granulomatous stage develops 
The advanced forms seem to be much more 
likely to develop in Negroes Basal meningitis 
occasionally occui s in coccidioidomycosis A 
case is described 134 in which the outstanding 
lesions of the disease were in the biain 

Men exposed to infection in an area where 
the disease is endemic may go elsewhere, and 
the disease may develop in places -where it would 
not be thought of or diagnosed unless special 
diagnostic tests weie made There is no satis- 
factory treatment 

Histoplasmosis — Palmei 135 made a surve) in 
order to leain the cause of pulmonary calcifica- 
tion not related to tuberculosis or to coccidioido- 
mycosis In a study of 3,000 persons, of whom 
294 had pulmonaiy calcification, 23 per cent had 
a positive reaction to histoplasmin, a filtiate of 
broth culture of Histoplasma capsulatum Great 

131 (a) ICollath, W Problems of Diphtheria, 
Deutsche med Wchnschr 70 203-204 (April) 1944 
( b ) Stowman 118 

132 Frobisher, M , Adams, M L , and Kuhns, W J 
Characteristics of Diphtheria Bacilli Found in Balti- 
more Since November 1942, Proc Soc Exper Biol S. 
Med 58 330-334 (April) 1945 

133 Lee, R V Coccidioidomycosis in Western 
Flying Training Command, California & West Med 
61 133-134 (Sept) 1944 Denenholz, E J, and Cheney, 
G Diagnosis and Treatment of Chronic Coccidioidomj - 
cosis, Arch Int Med 74 311-330 (Nov ) 1944 

134 Schlumburger, H G A Fatal Case of Cerebral 
Coccidioidomycosis with Cultural Studies, Am J M 
Sc 209 483-496 (April) 1945 

135 Palmer, C E Nontuberculous Pulmonary Cal- 
cification and Sensitivity to Histoplasmin, Pub Health 
Rep 60 513-520 (May 11) 1945 
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Jiff ei ences m the peicentage of leactions were 
noted between those fiom Minnesota (6 pel cent) 
and from Missoun (66 pei cent) These results 
suggest that histoplasmosis is endemic in certain 
legions and may be a frequent cause of pul- 
monaiy calcification and that the disease may be 
far more common m mild form ,than it is believed 
to be Paisons and Zaiafonetis 130 leview 71 
cases of histoplasmosis and the subject m geneial 
The infection is apparently woildwide in dis- 
tribution, and cases aie being recognized with 
increasing frequency (The infection is not 
spreading ) The symptoms and signs often 
resemble those of many otliei diseases, and 
correct diagnosis may not be made unless biopsy, 
culture and other types of examinations are done 
There is no specific tieatment for the disease It 
is leported that most cases end fatally This 
observation is probably wrong m view of those 
made by Palmer 135 The severest and fatal cases 
aie most apt to be diagnosed, nuld ones may 
escape notice and diagnosis 

Another spontaneous case of histoplasmosis in 
a dog is repoi ted 137 A disease thought to be 
histoplasmosis in a cat on further study was 
diagnosed as toxoplasmosis 138 In about 3 pei 
cent of adults in St Louis, evidence of previous 
infection was present in the serum 138 

Pulmonary Tubei culosis — In the light of cer- 
tain studies on coccidioidomycosis and histo- 
- plasmosis just mentioned, doubt may be cast on 
observations 140 reported from San Antonio, 
Texas, which is said to have the highest tubei cu- 
losis rate in this countiy but which is m a region 
where coccidioidomycosis is endemic In this 
study, diagnosis of tuberculosis was made for 
about 5 per cent of 20,000 lesidents on the basis 
of a roentgenogiaphic survey alone Obviously 
there is need of i emvestigation of the data In 
Los Angeles, for example, the incidence of posi- 
tive coccidioidm cutaneous reactions in one group 

136 Parsons, R J , and Zarafonetis, C J D Histo- 
plasmosis in Man Report of Seven Cases and a 
Review of Seventy-One Cases, Arch Int Med 75 1-23 
(Jan) 1945 

137 Callahan, W P Spontaneous Histoplasmosis 
Occurring m a Dog, Am J Trop Med 24 363-366 
(Nov) 1944 

138 Meleney, H D Toxoplasmosis Mistaken for 
Histoplasmosis in a Cat, Am T Trop Med 25 163 
(March) 1945 

139 Callahan, W P Incidence of Toxoplasmic In- 
fections in the St Louis Area, Proc Soc Exper Biol 
& Med 59 68-70 (May) 1945 

140 Gould, D M Mass X-Ray Survey in San 
Antonio, Pub Health Rep 60 117-126 (Feb 2) 1945 


studied was 26 per cent 111 At necropsy several 
patients who had given a positive leaction all 
revealed healed calcified lesions indistinguishable 
fiom those of tubei culosis Anothei disease 
which may at times easily be mistaken foi pul- 
monaiy tubei culosis is paragonimiasis, 142 which 
may be encounteied especially among returned 
wai veteians In this disease, chionic cough, 
pain m the chest and bloody sputum are common 

None of the sulfonamide drugs now available 
has given any clinical therapeutic effect suf- 
ficiently encouraging to wan ant its use in the 
ti eatment of tubei culosis 143 The same may be 
said at piesent foi \aiious antibiotics thus far 
tested 

Expei iment ally Pioduced Diseases of the 
Respn atory Tiact — In extensive studies, Mel- 
ville and Stehle 144 tested the effect of seventy- 
nine chemical compounds, including sixty-one 
ammobenzme derivatives, on experimental tuber- 
culosis in guinea pigs None of the agents tested 
showed any evidence of curative action, since in 
all experiments gross evidence of tuberculosis 
could still be detected m all treated and untreated 
animals no matter how long they suivived 

An attack of pneumonic plague contracted dui - 
mg laboi atory research is reported 145 The pa- 
tient recovered after a stoimy course, dui mg 
which he received sulfadiazine and penicillin, but 
it is unceitam that recoveiy can be ascribed to 
either No secondary or contact attacks occurred 
among associates oi attendants The patient had 
leceived antiplague vaccine one year before, but 
six months later his seium contained no demon- 
stiable piotective bodies Plague pneumonia is 
geneially believed to be umfoimly fatal, but it is 
safe to guess that numerous undiagnosed cases 
end in recovery It would be of great interest 
to test the effects of streptomycin in plague 

141 Butt, E M , and Hoffman, A M Healed or 
Arrested Pulmonary Coccidioidomycosis Correlation 
of Coccidioidm Test with Autopsy Findings, Am J 
Path 21 485-506 (May) 1945 

142 Miller, J J , and Wilbur, D L Paragonimiasis 
(Endemic Hemoptysis), U S Nav M Bull 42 10S-110 
(Jan) 1944 

143 Hmshaw, H C , Feldman, W H , and Pfuetze, 
K H Present Status of Chemotherapy in Tubercu- 
losis, Ann Int Med 22 696-703 (May) 1945 

144 Melville, K I , and Stehle, R L Chemotherapy 
in Experimental Tuberculosis, Canad J Research 22 
95-121 (Dec) 1944 

145 Minter, E J Pneumonic Plague Report of a 
Case with Recovery, JAMA 128 281-283 (May 26) 
1945 
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Essentials of Allergy By Leo H Criep, M D 
Price, $5 Pp 381, with 42 illustrations and 1 plate 
in color Philadelphia J B Lippincott Company, 
1945 

As its title implies, this small book deals with the 
important aspects of allergy Packed into the volume 
are chapters on the immunology of allergy, anaphylaxis 
and serum sickness, diagnosis and treatment of allergy 
in general and of each allergic disease, with special 
emphasis on bronchial asthma, hay fever and allergy of 
the skin Other allergic conditions are also considered 
Because of limitation of space, the outline form of dis- 
cussion is used The book is exceedingly well written 
and full of clear and concise information of special 
interest for medical students and general practitioners, 
and even for allergists Reports of cases illustrate 
teaching points The section on bronchial asthma and 
its relation to the heart is especially good, as is also 
that on psychosomatic aspects in treatment 
A few minor corrections should be noted The author 
might vv ell have been more emphatic in stating that true 
migraine is almost always due to food allergy and 
should therefore be investigated from the viewpoint of 
•allergy He states that “roentgen ray therapy has not 
proved its value m the treatment of bronchial asthma ” 
Many workers have shown that this method does give 
good, though only temporary, results His suggestion 
that 50 per cent sucrose should be injected intravenously 
m status asthmaticus should not be followed, it is 
known that such treatment usually harms the kidneys 
He states that “there is no eosinophiha" in patients 
with intrinsic asthma, that is, asthma with negative 
cutaneous reactions Most investigators have found only 
a little difference between the percentage of eosinophils 
in persons with extrinsic and with intrinsic asthma 
Also, most men who have experience with both the 
scratch and the intradermal method of skm testing will 
not agree with his opinion that intradermal testing is 
“less painful” I than the scratch method With these 
minor exceptions, the book is excellent throughout and 
should be widely used As the author states, larger 
\olumes on the subjects should also be consulted 

Clinical Case-Taking By George R Herrmann, M D 
Third edition Price, §1 75 Pp 192 St Louis 
The C V Mosby Company, 1945 

This is a manual of procedure for ward and bedside 
practice Several pages are devoted to the plan, scope, 
objectives, principles, art and technic of case taking, 
and these are followed by several chapters of detailed 
directions for history taking and for physical examina- 
tion More than half of the volume is composed of 
chapters on semiology of diseases and systems Appar- 
ently the purpose of these chapters is to familiarize the 


student with terminology and to point out the common 
symptoms and findings of some diseases The book 
should be of value to the beginner in physical diagnosis 

Duodenal and Jejunal Peptic Ulcer By Rudolf 
Nissen, M D Price, 84 75 Pp 143, with 123 illus- 
trations New York Grune & Stratton, Inc , 1945 

The reviewer has little to add to the comments ol 
Wangensteen in his foreword to this little book While 
he deals largely with the technic of various operations, 
the author also presents with reasonable logic Ins ra- 
tionale for one or another procedure None the less it 
is clear that the whole subject of operation for duodenal 
ulcer remains a complex one, and the exact reasons for 
relief and failure are often difficult to evaluate and must 
be involved with the psychologic aspects of the situa- 
tion There are many excellent illustrations and a 
bibliography 


News and Comment 


1945 MEETING OF THE MISSISSIPPI 
VALLEY MEDICAL SOCIETY 
CANCELED 

The 1945 meeting of the Mississippi Valley Medical 
Society , which was to be held in St Louis in September, 
has been canceled because of war restrictions Plans 
are being made to hold the 1946 meeting at the Jeffer- 
son Hotel m St Louts September 25 through 27 


Correspondence 


PERNICIOUS 'ANEMIA IN CHINESE 

To the Editoi — Dr Chester S Keefer was good 
enough to call to my attention an error which Dr 
Rappolt and I had made in citing Dr Yang and him- 
self in our article m the June 1945 issue of the 
Archives (p 404) In this article we said “Yang 
and Keefer have reported the only 2 cases of pernicious 
anemia in Chinese observed previously on this con- 
tinent They were cases of Minot’s and apparently 
were typical ” Yang and Keefer have reported 2 cases 
of pernicious anemia in Chinese patients, but these 
were observed in Peiping, China In their article thev 
refer to a case which Minot had observed in the United 
States This case was not observed by them and has 
not been reported by Minot 

Steven O Schwartz, M D , Chicago 
1825 West Harrison Street (12) 
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ETIOLOGY AND PATHOGENESIS OF RHEUMATIC FEVER 
LOWELL A RANTZ, M D , PAUL J BOISVERT, M D , and WESLEY W SPINK, M D 

S\N FRANCISCO NEW HAVEN, CONN MINNEAPOLIS 


Rheumatic fever is the cause of much dis- 
ability and of many deaths resulting from the 
acute process and fiom the chronic heart dis- 
ease which so frequently follows The investi- 
gation of preventive and therapeutic measuies 
for the control of this serious disease has been 
greatly hampered by the failure of many studies 
to establish satisfactorily its etiology and patho- 
genesis 

During the past twenty yeais it has become 
increasingly apparent that infection by hemolytic 
streptococci is in some way related to the de- 
velopment of the rheumatic state The evidence 
on which this fact has been based has been of 
an indirect nature and may be summarized as 
follows 1 Rheumatic fever has been observed 
to follow known hemolytic streptococcus infec- 
tions, particularly of the lespiratory tiact In 
these circumstances it has been noted that the 
initial acute illness is usually followed by a latent 
or quiescent period, which terminates in the 
more or less explosive appearance of arthritis or 
carditis 1 , 2 Epidemics of rheumatic fevei often 
follow outbreaks of scarlet fever or streptococcic 
squeUmi oat 2 3 Recrudescences of activity fre- 
quently appeal when infection by hemolytic 
streptococci occuis in persons who have pre- 
viously undergone attacks of rheumatic fever 3 

4 Immunologic investigations have indicated 
__ __ • 

Colonel T E Harwood Jr, Major James Blanton 
and Captain Howard Coggeshall cooperated and assis- 
ted in this work 

The laboratories of the Department of Medicine, 
Stanford University School of Medicine, were made 
available to the Commission on Hemolytic Streptococ- 
cal Infections for certain studies 

This investigation was carried out during a field 
study by the Commission on Hemolytic Streptococcal 
Infections, Board for the Investigation and Control of 
Influenza and Other Epidemic Diseases in the Army, 
Preventive Medicine Service, Office of the Surgeon 
General, United States Army 

1 (a) Escherich, T , and Schick, B Scharlach, 
Vienna, A Holder, 1912 ( b ) Schlesmger, B The 
Relationship of Throat Infection to Acute Rheumatism 
in Childhood, Arch Dis Childhood 5 411, 1930 

2 Paul, J R and others The Epidemiology of 
Rheumatic Fever and Some of Its Public Health 
Aspects, New York, Metropolitan Life Insurance Com- 
pany for the American Heart Association, 1943 


that high titers of vai ious antistreptococcus anti- 
bodies and cutaneous h) persensitivity to prod- 
ucts and fractions of hemolytic streptococci are 
usually demonstrable m persons suffering from 
acute rheumatic fever or from lecurrences of this 
disease 4 

A further appioach to the problem lay m the 
detailed study of large groups of persons in 
whom hemolytic streptococcus infections of the 
respiratory tract had occurred, foi the purpose 
of determining the natural history of such infec- 
tions and their relationship to the lheumatic state 
This approach has rarely been possible in civilian 
practice, because piolonged and intimate follow- 
up of the infected gi oup is necessary It became 
clear, with the onset of the piesent war and the 
lapid mobilization of large numbers of tioops, 
that m certain areas hemolytic streptococcus dis- 
ease of the respiratory tract and rheumatic fever 

3 (a) Coburn, A F The Factor of Infection in 

the Rheumatic State, Baltimore, Williams & Wilkins 
Company, 1931 ( b ) Collis, W R F Acute Rheu- 

matism and Haemolytic Streptococci, Lancet 1 1341, 
1931 Jones, T D , and Mote, J R The Clinical 
Importance of Infection of the Respiratory Tract m 
Rheumatic Fever, JAMA 113 898 (Sept 2) 1939 

4 Todd, E W Antihaemolysin Titers in Haemo- 
lytic Streptococcal Infections and Their Significance in 
Rheumatic Fever, Brit J Exper Path 13 248, 1932 
Coburn, A F , and Pauli, R H Studies on the 
Relationship of Streptococcus Hemolyticus to the 
Rheumatic Process III Observations on the Immuno- 
logical Responses of Rheumatic Subjects to Hemolytic 
Streptococcus, J Exper Med 56 651, 1932 Boisvert, 
P J The Streptococcal Antifibrinolysin Test in Clin- 
ical Use, J Clin Investigation 19 65, 1940 Mote, 
J R , and Jones, T D Studies of Hemolytic Strep- 
tococcal Antibodies in Control Groups, Rheumatic 
Fever and Rheumatoid Arthritis, J Immunol 41 35, 
61 and 87, 1941 Swift, H F , and Cohn, A, E Type 
Specific Anti-M Precipitms in Rheumatic and Non- 
Rheumatic Patients with Hemolytic Streptococcal In- 
fections, Proc Soc Exper Biol Sc Med 34 849, 1936 
Collis, W R F , Sheldon, W , and Grayhill, N 
Cutaneous Reactions in Acute Rheumatism, Quart J 
Med 1 511, 1932 Gibson, H J , Thomson, WAR, 
and Stewart, D The Haemolytic Streptococcus as a 
Factor m the Causation of Acute Rheumatism, Arch 
Dis Childhood 8 57, 1933 Taran, L M , Jablon, 

T M , and Weyr, H N Immunologic Studies in 
Rheumatic Feier I Cutaneous Response to Type- 
Specific Proteins of the Hemolytic Streptococcus, J 
Immunol 49 209, 1944 Coburn s “ 
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weie pievalent A piogiam was theiefoie estab- 
lished m an aimy camp m such an aiea, with the 
assuiance that a laige numbei of infected pei- 
sons would be available foi study The homo- 
geneity of the group as to age, sex and degiee 
of exposuie to infectious agents and their avail- 
ability foi pi olonged follow-up suggested that 
useful information would be obtained In addi- 
tion, various immunologic methods had been 
perfected foi the study of antibody 1 espouse 1 
in infected peisons and foi the accuiate sub- 
division of the hemolytic streptococci into gi oups 
and, of gi eatest mipoi tance, into types 5 These 
technics permitted moie pi ease study of disease 
caused by' these oigamsms than had hitherto 
been possible 

This papei is a summaiy of the bactenologic 
and clinical lesults of this woik so fai as it 
beais on the pathogenesis of rheumatic fevei 
Much infoimation was obtained in regaid to the 
bacteriology, immunology, natuie and treatment 
of the acute initial phase of hemolytic strepto- 
coccus sore throat and of complications following 
this streptococcic condition, which will be pie- 
sented elsewhere 

PLAN Or STUDY 

All patients suffering from disease of the respirator} 
tract of any type were admitted to certain wards in 
the station hospital, where they were seen by one of 
us A liistor> was obtained, a physical examination 
performed, cultures of materials from the throat and 
nose made and a Dick test done Patients discovered, 
on clinical and bactenologic grounds, to be suffering 
from infection by hemolytic streptococci w'cre trans- 
ferred to special wards, where a permanent trained 
nursing staff was maintained, which permitted the 
execution of therapeutic and other investigative pro- 
grams These patients w'ere studied by means of a 
variety of laboratory procedures Cultures were made 
lepeatedly from materials from the nose and throat, 
and the isolated hemolytic streptococci w^ere classified 
serologically by the precipitin technics of Lancefield G 
Serial w’hite blood cell counts, erythrocyte sedimenta- 
tion rates (Westeigren) and electrocardiograms were 
obtained Each patient was studied for not less than 
three weeks and frequently for a longer period 

RESULTS 

During the period of intensive study, fiom 
Jan 1 to Apul 15, 1944 approximately 1,500 
patients came undei observation Group A 
hemolytic streptococci were not isolated fiom 
the throats of 871 patients, whose disease proc- 
esses may definitely be regarded as nonstiepto- 
coccic m ongm Four hundred and ten were con- 
sidered to be infected by gioup A streptococci, 
because large numbers of these oigamsms were 

5 Lancefield, R C Specific Relationship of Cell 
Composition to Biological Activity of Hemolytic Strep- 
tococci, in Harvey Lectures, 1940-1941, Baltimore, 
Williams & Wilkins Company, 1941 


lecoveied fiom the nasophaiynx and because 
the physical examinations revealed some com- 
bination of the following signs (1) tonsillai 
exudate, (2) edema and redness of the pharyn- 
geal tissues and (3) adenitis of the antenoi 
cervical lymph nodes, with tenderness 5 '’ Three 
hundred peisons suffered from illnesses some- 
what more difficult to classify Many of these 
were patients wntli clinically typical vnus infec- 
tions wdio wei e nasophary ngeal can lers of hemo- 
ly tic stieptococci There w’ere also many cases 
of pneumococcic pneumonia and of the oidinarj 
001111110111031)16 diseases 

Rheumatic fever never followed any of the 
1,100 infections definitely or probably not of 
streptococcic origin It did appeal in 15 of 
the 410 men with infections due to group A 
hemolytic streptococci 

It is, therefore, clear that infection by hemo- 
lytic stieptococci always preceded the develop- 
ment of rheumatic fevei in this group Further 
information as to the nature and pathogenesis 
of this disease was obtained by the detailed 
study of a large number of cases of hemolydic 
sli eptococcus soie tin oat and of scarlet fever 
The intensive progiam just described w’as cai- 
ned out in 296 cases of these diseases, serial 
electi ocai diograms being obtained in 185 Very 
eai h in the course of this lm cstigation it became 
appaient not only that typical rheumatic fevei 
was occumng occasionally in some men of this 
gioup, but that many’ otheis weie failing to re- 
turn to a full state of health after the acute 
phase of the initial sti eptococcic disease In 
some, the continuing activity of the disease 
piocess w’as caused by local suppuration such as 
sinusitis and otitis media In many, how’evei, 
no evidence of such complications could be dis- 
covered Electrocai diogi aplnc evidence of cai- 
ditis w r as disccrveied in certain of these cases 
It is, therefoie, desuable to descnbe the natural 
histoiy’ of acute sti eptococcic soie throat as it 
W’as observed dm mg this study with special 
refeience to the period after the initial suppura- 
tive phase of the disease had subsided Patients 
with and without rash aie included together for 
the puipose of this analysis 

THE POSTSTREPTOCOCCIC STATE 

Rheumatic Fevei — Rheumatic fever, chai- 
actenzed by migrating polyarthntis, fever, rapid 
erj’thro cyte sedimentation rate and, m 8 cases, 
electrocardiographic evidence compatible with 
the presence of carditis, developed in 15 of the 

Sa A significant antistreptolysin and/or antifibnno- 
lysm response occurred in 87 5 per cent of 342 of these 
patients, for whom suitable serial determinations were 
made, indicating that the clinical diagnosis was usuall} 
correct 



RANTZ ET AL— RHEUMATIC FEVER 


133 


men previously known to have suffei ed from 
acute hemolytic streptococcus sore throat Such 
a syndrome was never obsened following an} 
type of nonstreptococcic disease of the respira- 
tory tract Twelve of these cases weie studied 
m detail 

It seemed possible that ail analysis of these 
observations might suggest some of the mecha- 
nisms involved m the pathogenesis of this dis- 
oider No serologic type of hemolytic stiepto- 
coccus appeared to be more likely than others 
to incite the rheumatic state, and it followed 
initial illnesses of the lespiratory tract of wide 
degrees of severity Certain facts did emeige, 
however, which may be summarized 


sore throat, in which the eiythiocyte sedimen- 
tation late has returned to normal withm two to 
three weeks Several of these men also failed 
to make a complete clinical recovery, m that 
easy fatigability persisted after the acute illness 
of the respiratory tract had subsided 

Also of considerable interest was the dis- 
co's ery of electrocai diographic evidence of car- 
ditis several days to sveeks before the develop- 
ment of arthritis Abnormal electrocardiogi ams 
were obtained on the ninth, thirty-sixth and 
twenty-third days after the onset of the acute 
sore throat in 3 cases, but arthritis was not 
obsened until five, nineteen and fifty-two days 
later These facts can be emphasized b} the 
pi esentation of a case record 
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Chart 1 — The clinical course of acute hemolytic streptococcus sore throat followed by rheumatic fever, demon- 
strating the absence of a latent period and the early appearance of carditis 


Absence of Latent Pei tod — Previous studies 
have indicated that rheumatic fever does not 
immediately follow an acute streptococcic dis- 
ease of the respiratory tract but is sepaiated 
from it by a latent, or quiescent, period of one 
to two weeks in duration, and it has been im- 
plied that during this intei val the patients aie 
clinically well Such was not usually the case m 
this group Evidence of continuing activity of 
a disease process for fourteen to forty days dur- 
ing the so-called latent peiiod before the appear- 
ance of fever and aithntis was obtained from 
9 of the patients In each instance the erythro- 
cyte sedimentation late remained above 30 mm 
per hour This course is to be contrasted with 
the usual course of acute hemolytic streptococcus 


Case 1 — A 19 year old youth, who gav e a past 
history of rheumatic fever at the age of 14, was ad- 
mitted to the hospital on the first day of a type 19 
hemolytic streptococcus sore throat His subsequent 
course is presented m chart 1 The acute illness sub- 
sided rapidly after the administration of penicillin and 
sulfadiazine, the leukocyte count returned to normal 
and the erythrocyte sedimentation rate on the ninth 
day had fallen to 30 mm per hour At this time he 
felt fairly well, but electrocardiographic evidence of 
carditis in the form of sharp inversion of the T waxes 
m all leads was discovered He was discharged from 
the hospital, and five da} r s later the left ankle became 
painful His symptoms became more severe over a 
period of six days, and fever appeared At this time 
he reentered the hospital and was found to have an 
acute polyarthritis involving the knees and ankles The 
temperature was 102 F, the erythrocyte sedimentation . 
rate 28 mm per hour and the electrocardiogram indcn- i 
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tical with that obtained on the ninth day His disease 
became more active and ran the course of severe rheu- 
matic fever with pericarditis The latter condition was 
little improved by the administration of large amounts 
of sodium salicylate The electrocardiogram remained 
abnormal for more than ninety days 

Comment — This was a patient in whom definite evi- 
dence of activity of a disease process, m the form of 
a rapid erythrocyte sedimentation rate and carditis, 
was demonstrated to be present during the quiescent 
interval between the acute sore throat and the appear- 
ance of arthritis 

These observations, together with otheis to 
be presented latei, indicate that certain phases 
of the rheumatic state are initiated soon after the 
initial illness of the lespiratory tract and that 
the conception of a latent penod is m part 
erroneous In 3 of the 4 peisons in whom a 


new types of hemolytic stieptococci, and these 
cases lequire special comment 

Both types were present early in the initial 
illness of 1 patient, and the exact significance 
of their presence then is difficult to evaluate 
In 2, both of whom exhibited a true latent 
period, types* of hemolytic streptococci different 
from that causing the initial illness weie present 
in the throat at the time of the onset of arthritis 
It seemed possible that lemfection by this new 
strain might have incited the rheumatic process 
That this could be the case is suggested by the 
course of events in case 2, the clinical course of 
which is illustrated in chait 2 

Case 2 — A. 19 jear old j out.fi entered the hospital on 
the first day of an acute hemolytic streptococcus sore 
throat, caused bj an organism of tjpe 3, from which 
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Chart 2 — The clinical course of acute liemolvtic streptococcus sore throat followed bj rheumatic fever after 
two reinfections by different serologic types 


definite latent period was observed, activation of 
the lheumatic disease may have been induced 
by a reinfection with a new type of hemolytic 
streptococcus (different from the one involved 
in the previous infection) 

Reinfection by New Types of Hemolytic 
Streptococci — Rheumatic fever developed in 6 
persons in whom infection by only one serologic 
type of group A streptococcus was demonstrated 
A past history of rheumatic fever was obtained 
i for 2, and for 5 a definite latent period was 
'absent Case 1, just cited, is an example of this 
I type of reaction to streptococcic infection In 
3 patients theie was bactei lologic, and m 3 bac- 
teriologic and clinical, evidence of reinfection by 


he made an uneventful recovery after therapy with 
penicillin and sulfadiazine Nineteen days after the 
onset of the initial illness he reentered the hospital, 
suffering from another acute sore throat due to type 
46 streptococci Recovery again occurred, and the 
erythrocyte sedimentation rate remained normal until 
two weeks later, when a sore throat due to a strain 
of type 30 developed High fever and severe polv- 
arthntis appeared thirty-six hours later, and the sub- 
sequent course was that of rheumatic fever without 
evidence of carditis 

Comment — Rheumatic fever developed withm thirty- 
six hours after the last of three acute hemolytic strep- 
tococcus sore throats, each of which had been caused 
by a different serologic type 

In 2 othei cases, definite clinical as well as 
bactenologic evidence of reinfection by new 
types on two or thiee occasions was obtained 
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In 1, arthutis appeared seven days after the 
last acute episode The other was different, m 
that the erjthiocjte sedimentation late remained 
above 40 mm per hour for two weeks after two 
attacks of sore throat caused by types 30 and 36 
and carditis was demonstrable by electrocardiog- 
raphy, but arthritis did not manifest itself 
until forty da} s after the subsidence of the 
second attack A third strain, of type 19, was 
discoveied in the pharynx during this interval 
These obsen ations suggest that lemfection by 
hemolytic streptococci may be important in the 
pathogenesis of the rheumatic state This pos- 
sibility will be further discussed m another 
section 

Certain patients convalescent from group A 
stieptococcic sore throat, with signs and symp- 
toms sinnlai to some of those observed m rheu- 
matic fever but without arthutis, will now be 
described Two hundred and twenty-seven, or 
76 6 per cent of the whole group, including 
patients with every degree of initial severity of 
illness, made a lapid and complete clinical recov- 
ery, and the ei)throcyte sedimentation rate was 
found to be less than 20 mm per hour three 
weeks after the onset of acute illness 

Continuing Disease Without Arthritis oi Car- 
ditis — In 34 cases the erythiocyte sedimentation 
late had not leturned to normal by the end of 
the third week after the onset of the acute 
illness No clinical signs of continuing disease 
v/ere discovered in 20 of the patients, or 6 7 
per cent of the total gioup, but m 14, or 4 7 pei 
cent, definite evidence of an active process was 
obtained This was manifested by fever, easy 
fatigability, anorexia and loss of weight and fre- 
quently was sufficiently severe to lequire con- 
tinued rest m bed Serial electrocardiograms 
m this group were normal 

Continuing Disease with Carditis — In 10 8 
per cent of the group of 185 cases in wduch 
serial electrocai diograms were performed, or 20 
cases, a syndrome similar to that just described 
was observed, with the difference that definite 
electrocardiographic evidence of carditis was dis- 
covered In certain cases this consisted of pro- 
longed and changing PR intervals, m others, 
of sharp mveisions of the T waves, usually m all 
three leads, and m a few of a combination of 
these signs Fiequently, clinical evidence of a 
tissue reaction in the form of fever and malaise 
was present Several men m whom striking 
electi ocardiographic abnormalities were demon- 
strable for seveial weeks felt perfectly well 
Certain aspects of these cases deserve com- 
ment A true latent period following the acute 
illness was obseived m only 6 of these 20 cases 
In this small group the erythrocyte sedimenta- 


tion rate returned to normal, and the patients 
wei e clinically well , later the sedimentation rate 
became more rapid, and the electrocardiogram, 
previously normal, was discovered to be ab- 
normal In the other cases, the sedimentation 
rate remained above 30 mm per hour after the 
initial illness, and frequently the patients pre- 
sented clinical evidence of continuing disease 
Electrocardiograms were obtained for 10 of these 
patients on the seventh to ninth days of illness 
and were found to be abnormal m 8 In several 
these changes persisted for two or thiee weeks 
It is clear, therefore, that a latent period is 
usually absent when carditis of this type follows 
acute streptococcic sore throat and that evidence 
of the presence of carditis may be demonstrated 
soon after the termination of the acute initial 
illness 

Bactenologic and, in 1 case, clinical evidence 
of reinfection by a new type of gioup A hemo- 
lytic streptococcus was discovered m 7 of these 
persons In 1 this event occurred eaily m the 
illness, in the others, late Among the latter 
w ere 4 of the 6 patients during whose illnesses a j 
true latent period occurred Study of 3 of these i 
was sufficiently detailed to indicate that the 
termination of the quiescent period, with the ! 
appearance of an elevated sedimentation rate and j 
carditis, was intimately associated with the rein- 
fection 

In none of these persons did physical signs of 
pericarditis or endocarditis develop, but the 
penod of observation was too short to exclude j 
the possibility that valvular damage might occui | 

TI-IE FACTOR OF REINFECTION j 

In previous sections of this report it has been; 
suggested that reinfection by a new type c of j 
hemolytic streptococci may be of impoitance in 1 
the causation of nonsuppurative complications* 
following hemolytic streptococcus sore throat 
Further information on this point can be ob- 
tained by determining the incidence of these 
complications m the whole study group These 
data are piesented m the table 

Infection by only one type of hemolytic 
streptococci was demonstrated m 230 patients 

6 Emphasis has been placed on reinfection by s 
type of streptococcus different from that causing the 
initial disease, since evidence exists (Kuttner, A G 
and Krumwiede, E Obsen ations on the Epidemiol 
og} of Streptococcal Pharyngitis and the Relation o 
Streptococcal Carriers to the Occurrence of Outbreaks 
J Clm Investigation 23 139, 1944) that a considerabh 
t) pe-specific immunity persists after recover} fron 
hemolytic streptococcus infection Relapse, if it cai 
occur, should be equallj effectne m initiating the phe, 
nomenon of the poststreptococcic state < 
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A continuing disease, with 01 without caiditis, 
followed the initial illness m 13 1 per cent of 
these patients, and iheumatic fevei followed in 
2 6 per cent Tw r o types weie present in the 
tin oat dm mg the initial acute illness m 16 and 
the frequency' of complications was smnlai to 
that just described 

A new' type w'as discoveied to be piesent m 
laige numbers in the throats of 38 patients tw'o 
to three weeks aftei the onset of the initial ill- 
ness Continuing clinical disease, with oi with- 
out carditis, ivas piesent in 22 6 pei cent of these 
patients, and iheumatic fever was present m 5 3 
; pei cent — an incidence appioximately twice as 
: gieat as that just described 
! Definite clinical as well as bacleriologic evi- 
“ dence of a reinfection by one oi more new' 1} pes 
i of streptococci w r as obtained in 12 cases In 3, 
a or 25 pei cent, rheumatic fever developed , m 4, 
b oi 35 pei cent a seveie clinically evident con- 
‘J turning disease in 1 instance wutli caiditis 


It is cleai, on the basis of these obseivations, 
that iheumatic fever is but one manifestation ot 
a pathologic piocess instituted by infection with 
hemolytic streptococci Certain patients after 
such an infection pi esent only signs of continuing 
tissue i eaction in the foi m of a pi olonged cry th- 
locyte sedimentation rate foi several weeks, in 
others this sign is associated wutli fei er, malaise, 
loss of weight and othei clinical signs of an 
active disease piocess Electi ocardiographic en- 
dence of carditis may be discovered in a third 
group of patients showing signs similai to those 
just descubed Finally, arthritis will be ob- 
seived in a few' instances, some of the patients 
having a mild disease with low' grade fever and 
others a severe illness with signs of pericarditis, 
endocarditis and the other manifestations of 
typical rheumatic feier 

It seems impossible to establish adequate cn- 
tena for the accurate division of these various 
late complications of streptococcic disease into 


n Relation of Reinfection by a A T czv Type of Gioup A Hemolytic $t> cptoiocci to the Incidence of 
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a Serious late complications occuned m 60 pei 
™cent of this small gioup of cases 
sc It is obvious that the numbers of cases aie 
nctoo small to permit accurate statistical analysis 
“^Nevertheless, the increased frequency of non- 
suppurative disorders m patients in whom evi- 
dence of lemfection by a new type of hemolytic 
streptococci was discovered suggests that this 
Clevent may be causally l elated to the de\ elopment 
af these complications 


sepai ate groups Carditis with and caiditis with- 
out arthritis must' be i egai ded as comparable 
disorders and both appear to be i elated to 
artlnitic disease without carditis Since arthntis 
has been demonstrated without carditis and 
carditis has been demolish ated without aithntis 
there appeals to be no valid reason foi conclud- 
ing that examples of continuing disease m the 
absence of both of these clinical phenomena aie 
uni elated to the first two types of disorder 


COMMENT 

pi. 

ob The study just descubed of a large numbei 
anof persons suffering from vanous types of illness 
d,r if the respiratory tract indicates that the syn- 
* l Tliome known as rheumatic fevei occurs only as 
en p sequel to infection by group A hemolytic 
treptococci This is in accord with previous 
nformation obtained indirectly but appears to 
>e more definitive One objection to the general 
cceptance of this etiologic relationship m the past 
'as been the fact that hemolytic streptococcic 
espiratory disease was extremely common but 
lat rheumatic fever was a lare complication 


Because of these difficulties and because evi- 
dence of carditis, the most senous complication 
was observed most frequently' in the absence of 
arthritis, it would seem to be desirable to dis- 
couiage the emphasis placed on the iheumatic 
fevei syndiome and to begin to think in teims of 
the complications occuiiing after sti eptococcic 
infection, which might well be giouped un del the 
term, “poststreptococcic state ” Such disordei s 
as rheumatic fevei, postscarlatinal arthntis and 
atypical rheumatic fevei could be consideied as 
a single entity' Furtheimore, the fact that 
senous nonarthntic complications may follow’ 
sti eptococcic infections w'ould be emphasized 
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These obseivations, though more detailed, aie 
m accoid with the concept developed ovei the 
last thirty yeais that nonsuppurative disease 7 
associated with fever, aithutis, adenitis, nephritis 
and other signs and symptoms may be a sequel 
to hemolytic stieptococcic infection 

Unfoitunately, this study has not detei mined 
whether poststieptococcic caiditis m the absence 
of arthritis may lead to valvular heait disease 
The close similarity between such cases of car- 
ditis alone and cases of carditis with ai thntis sug- 
gests that it would, particularly if repeated simi- 
lar episodes should occur in any patient It should 
also be emphasized that previous studies of rheu- 
matic fever have shown that the physical signs 
indicating the piesence of a lesion of the cardiac 
valves may not appear for many months, although 
electrocardiographic and clinical evidence of cai- 
ditis may be demonstrated early in the disease 
The precise mechanism involved m the de- 
velopment of these late stieptococcic complica- 
tions, particularl) of rheumatic fever, has been 
a mattei of speculation for many 3’ears The 
most widely accepted suggestion pioposes that 
pioducts of the hemolytic sti eptococcus aie dis- 
tributed widely thioughout the body at the time 
of the acute infection, becoming “fixed” m vari- 
ous tissues Later, as antibodies develop as the 
lesult of infection, an antigen-antibody combina- 
tion occurs on the cell surfaces, exciting the 
lheumatic syndrome and presumably the othei 
nonsuppuiative complications of streptococcic 
disease 8 This rather simple hypothesis has been 
modified by Swift and others to include a factoi 
of chronic streptococcic infection on the basis of 
faulty immunity as essential to the development 
of hypersensitivity of the tissues 9 

Such a process, lather analogous to serum 
sickness, presupposes that a single infection by 
hemolytic streptococci may establish the patho- 
logic condition Little actual evidence is avail- 
able in support of this view The fact that 
lheumatic fevei rarely occuis in children less 
than 3 yeais old although stieptococcic disease 
is common m that age group suggests that the 
pi unary infection by these organisms may be 
incapable of inducing the phenomenon of the 
poststreptococcic state Bearg, Boisveit, Dar- 
row, Poweis and Trask 10 have emphasized the 

7 Keefer, C S The Late Non-Suppurative Dis- 
orders of Hemolytic Streptococcal Diseases, Texas 
State J Med 35 457, 1939 

8 (a) Schlesinger lb (b) Swift, H F Rheumatic 
Fever, J A M A 92 2071 (June 22) 1929 

9 Swift, H F , and McEwen, C Rheumatic 
Fever, m Christian, H A Oxford Medicine, New 
York, Oxford University Press, 1938 Coburn, A F 
Observations on the Mechanism of Rheumatic Fever, 

Lancet 2 1025, 1936 


fact that the tissue leaction to stieptococcic in- 
fection is altered by the initial infection 111 chil- 
dren, and Schlesinger lb has suggested that le- 
peated infection by hemolytic stieptococci mav 
be necessaiy for the development of lheumatic 
fevei 

This study has fuither alteied the oldei con- 
cept by showing that a tiue latent penod is 
uncommon in instances of caiditis and lheumatic 
fevei and that when it is demonstrated lemfec- 
tion by a new type of sti eptococcus has fie- 
quentty occuned Electiocaidiograplnc evi- 
dence of carditis not onty was observed long 
befoie the appeal ance of aithntis but was fie- 
quently piesent soon after the end of the acute 
suppurative phase of the disease It theiefoie 
seems clear that some phases of the tissue leac- 
tion involved 111 the rheumatic 01 poststiepto- 
coccic state begin eai ly in the so-called latent 
period, suggesting that a dnect toxic action of 
the products of the streptococcus on the involved 
stiuctures may be responsible for these dis- 
orders This seems unlikely, hovvevei, when it 
is considered that 80 per cent of all infected 
persons, including many of the most senousl) ill 
escape these late complications 

Furtheimoie, suggestive evidence has been 
presented which indicates that lepeated closely 
spaced infections by different types of gioup A 
streptococci are more likely to incite late non- 
suppurative complications than is a single infec- 
tion It seems desirable, theiefoie, to letuin 
to and modify the ongmal concept that these 
pathologic piocesses are the lesult of an antigen- 
antibody reaction This is particulaily appio- 
priate since recent studies by Rich and Greg- 
ory have demonstrated that microscopic 
lesions similar to those obseived in lheumatic 
fever ma}' be reproduced in rabbits by the pro- ; 
duction of seium sickness in these animals 

Because leinfection with new types of hemo- 
lytic streptococci frequently preceded lheumatic 
fever and continuing disease, an atti active hy- 
pothesis pi esents itself 

It may be supposed that these late complica- 
tions occui m patients who have suffered pie- ; 
vious stieptococcic infection and whose tissues < 
have been sensitized to some fraction or product 
of the hemolytic streptococcus bj antibodies de- 
v eloped at that time Subsequent infection ! 

10 Bearg, P A , Boisvert, P J , Darrou D C ’ 
Powers, G F, and Trask J D “Streptococcosis” and ' 
“Streptococcic Fever,” Am J Dis Quid 62 431 1 
(Aug ) 1941 

11 Rich, A R , and Gregory, J E Experimental 1 

Evidence that Lesions vwth the Basic Characteristics , 
of Rheumatic Carditis Can Result from Anaphv lactic ’ 
Hj persensitiv lty, Bull Johns Hopkins Hosp 73 239, j 
1943 1 
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\\ ould then find the tissues m a hypei reactive 
state, and the syndromes of the poststi eptococcic 
state could be established This hypothesis is in 
accord with the known facts that hoise serum 
sickness in human beings who have received a 
pievious injection of similar serum is moie 
severe and appears m an accelerated form The 
presence of carditis early in the latent period 
and the explosive appearance of arthritis twenty- 
four to forty-eight houis after the last of re- 
peated streptococcic infections of the respiratoiy 
tract could be readily explained on this basis 
It is not entirely cleai why arthritis followed 
the first demonstrable carditis at such a long 
intei val in certain cases 

It is possible that a degree of sensitivity of 
the tissues adequate to permit the development 
of rheumatic fever is usually obtained only by 
repeated, closely spaced infections Evidence of 
such reinfection was obtained in 6 tof 12 patients 
exhibiting this syndrome, and in 3 two reinfec- 
tions occurred In another study, by van 
Ravenswaay, 12 the type of streptococcus causing 
the initial illness was determined foi 36 persons 
in whom rheumatic fever subsequently devel- 
oped At that tune, a type different from that 
originally present was discoveied in the throats 
of 28 

While the nonarthritic complications of strep- 
tococcic disease frequently, and artlmtis occa- 
sionally, followed single infections, it is probable 
that all these men had suffeied from previous 
uniecognized streptococcic respiratoiy infections, 
although no evidence can be piesented to prove 
that the infections had occurred In two arthritic 
patients, a past histoiy of rheumatic fever sug- 
gested that an abnormal sensitivity of the tissues 
to the pioducts of the streptococcus had been 
previously established 

The fact that some type of nonsuppurative 
complication failed to develop in all persons in 
whom bacteriologic evidence of reinfection was 
obtained may have been due to an inadequate 
sensitivity of the tissues and to a necessity for 
further reinfections These causes appeared to 
be factors m 2 cases It must also be boine 
m mind that a tissue reaction does not invariably 
occur v hen a new type of streptococcus gams 
lodgment m the throat — a fact that is empha- 
sized by the high incidence of complications m 
the small group m whom definite clinical re- 
infection took place 

, If it be assumed, as this study indicates, that 
,the arthritic phase of the poststreptococcic state 

, 12 Van Ravenswaay, A C The Geographic Dis- 
tribution of Hemolytic Streptococci Relationship to 
the Incidence of Rheumatic Fever, JAMA 126 
486 (Oct 21) 1944 


is a special reaction based on extreme hypei - 
sensitivity often associated with repeated rein- 
fection, the notable discrepancies between the 
lepoited incidence of chronic rheumatic heart 
disease and of clinical rheumatic fever can be 
explained Reinfection may occui on enough 
occasions m ceitam areas to excite the develop- 
ment of heart disease but not of arthritis In 
other areas, in which streptococcic disease is 
much more common, reinfection would be a 
sufficiently frequent event to permit the appear- 
ance of rheumatic fever 

The supposed indnidual resistance to rheu- 
matic fevei may be more apparent than real, 
because it is possible that repeated infection 
by hemolytic streptococci at suitable intervals 
will incite the rheumatic piocess in many, if 
not all, persons The ranty of this disease may 
be explained by the fact that many' persons are 
lesistant to infection by' these organisms and 
that others escape the frequent lemfections 
necessary' to induce, m them, a sufficiently great 
sensitivity' of the tissues 

In summary, it seems not unreasonable, on 
the basis of these obsei vations, to make the 
following assumptions as the basis for further 
imestigation (1) that rheumatic fever is in- 
variably induced by infection by group A hemo- 
ly tic streptococci, (2) that this syndrome is but 
a part of the whole complex involved m the post- 
sti eptococcic state, (3) that these clinical mani- 
festations are the result of altered sensitivity' of 
the tissues to products of the hemolytic strepto- 
coccus and (4) that repeated infection with dif- 
ferent ty'pes of hemolytic stieptococci may' be 
necessary' foi the development of these chsordeis 

If this working hypothesis is acceptable, then 
the following statements appear to be coirect 
(1) that sensitivity' of the tissues must occui 
to some fraction or product of the hemoly'tic 
streptococcus and (2) that this fraction or 
product must be common to all types of group A 
stieptococci 

It would seem desirable, theiefoie, to obtain 
these substances m highly purified form and to 
determine whether they' have induced the foi- 
mation of cn dilating antibodies and whethei the 
tissues of rheumatic persons are sensitive to 
them Similar studies m the past have con- 
tributed interesting and suggestive information , 
but the crude nature of the test substances and 
the failure to perform quantitative studies have 
lessened their importance 

Such investigation might lead to technics which 
would permit the determination of dangerous 
streptococcic hypersensitivity and to possible pre- 
ventive or therapeutic measures 


CHARACTERISTIC VASCULAR PATTERN IN PATIENTS 
WITH RHEUMATOID ARTHRITIS 


MEYER NAIDE,* M D , ANN SAYEN/ and BERNARD I COMROE.f? M D 

PHILADELPHIA 


During the giadmg of the basal vascular tone 1 
of normal peisons and patients with various dis- 
eases by a method lecently described by two of 
us , 2 it was found that patients with rheumatoid 
arthritis had a characteristic basal vascular 
tone which explained certain clinical features 
of the disease In some patients the diagnosis of 
lheumatoid arthritis fiist suggested itself by a 
characteristic vascular behavior, a dissociated 
lesponse between the affected and the unaffected 
digits not ordinal lly seen wheie there is no 
aitenal occlusion 

Since there was no objective information as 
to the grade of tone m the peripheral vessels of 
patients with lheumatoid arthritis, the vascular 
lesponses of a group of such patients weie 
studied by the method described m this paper 
It is significant that m all the patients with 
lheumatoid arthntis subsequently studied there 
was a consistently high grade of basal vascular 
tone m contrast to that of a large gioup of nor- 
mal persons tested, m whom a wide range of 
low and high vascular tone was found 
Vasospasm appears to be a piedisposmg fac- 
tor m this condition — a fundamental vasculai 
pattern, which, together with heredity, suscepti- 
bility to infection, chilling and otliei factors, 
permits the development of rheumatoid arthritis 
It seems more than coincidental that this condi- 
tion usually is fiist manifested at the site of 
gieatest vasculai tone, namely the digits, and it 
is suggested that treatment such as that given in 
othei vasospastic disorders, m which emphasis 
is diiected towaid vasodilation by interruption 
of hypei active vasoconstrictor reflexes by para- 

t Dr Comroe died Sept 14, 1945 
* From the Peripheral Vascular Section of the 
Edward B Robinette Foundation, Medical Clinic, Hos- 
pital of the University of Pennsylvania 

$ From the Arthritis Clinic, Medical Clinic, Hospital 
of the University of Pennsylvania 

1 Vascular tone is the ability of blood vessels to 
constrict and to dilate 

2 Naide, M, and Sayen, A A Test for Vascular 
Tone m Humans and Its Application to the Stud}'- of 
Vascular Diseases with Special Reference to the Etiologv 
and Prevention of Thrombophlebitis, Am J M Sc 207 
606 (May) 1944 


vertebial block or by caudal anesthesia, may be 
of benefit for these patients 

Other studies on the capillanes and on the pen- 
aiticular tissues of patients with lheumatoid 
arthntis have given conflicting infoimation as to 
what vascular responses aie typical, m this con- 
dition Unlike ouis, these studies were not done 
undei basal conditions and w^ere primarily con- 
cerned with the affected extiemities However, 
these conflicting obseivations can be correlated 
when their relation to oui study is considered 
Our observation of a high grade of vasculai tone 
m the less affected extiemities together with 
vasodilatation in the extremities in which the 
arthritic process is active brings into focus the 1 
contradictory views on this aspect of the conch - 1 

tion obtained from pievious observations of the] 

cn dilation m these patients j 

method i 

I 

The method for grading vascular tone has been de-‘ 
scribed in detail in a recent report 2 Briefly, this isj 
done by determining the degree of vasoconstriction and, 
vasodilatation, as reflected in temperatures of the fingers 
and toes, during a cool period and during the applica- 
tion of moderate heat to the tiunlc m a constant tern-, 
perature room at 20 C Reflex heat is applied by means! 
of electric pads set at moderate heat and two blankets J 
The patient is unclothed except for a light hospital 
gown and is under basal conditions, having omitted the] 
meal before the test and any medication or hot bath If 
the fingers cool rapidly, falling below 25 C fifteen 
minutes after the start of the test, and if vasodilation 
with reflex heat is difficult, the person has a high grade 
of vascular tone, or is vasospastic If the fingers cool 
slowly or not at all, remaining above 25 C fifteen 
minutes after the start of the test, the person has a 
low grade of vascular tone This method has enabled us 
to determine the basal vascular tone of over 400 persons 
(normal persons and patients with rheumatoid arthritis 
and other diseases) For the purpose of this study the 
basal vascular tone of 15 patients with rheumatoid 
arthritis was determined The ages of the 15 patients 
varied from 14 to 65 vears Thirteen were females, 
and 2 were males The duration of the arthritic process 
varied frojn six months to thirty-two vears All the 
patients were ambulator} , 

The type of vascular tone in the rheumatoid arthritic 
patients was based on the vascular response in the umn 
vohed or less involved digits and led to the intercstms 
observation that there was in some persons a differen 
or dissociated response in the involved and the unin 
vohed digits 
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RESULTS 

Two significant obseivations emeiged from 
this study ot vasculai tone in patients with rheu- 
matoid aithntis First, 14 of these 15 patients 
proved to have a high giade of basal vascular 
tone The fifteenth patient had definite involve- 
ment of all of the digits, so that the basal vascu- 
lar tone could not be obtained In the 14 lheu- 
matoid arthritic patients in whom the basal vas- 
culai tone could be detei mined, the tempeiature 
in the fingeis fell lapidly m the temperatuie- 
controlled room oi was already Ion at the stait 
of the test The responses of digital temperatuie 
of these patients was such as to label them the 
vasospastic type Second, theie was a “disso- 
ciated’’ vascular response of umnvolved and in- 
volved digits, which first suggested the diagnosis 
of early rheumatoid arthritis in 2 patients, which 
ivas later confirmed by i oentgenograms, studies 
of the sedimentation late and the subsequent 
clinical courses 

Whereas in most peisons vasoconstriction 
and vasodilatation occui m the toes of both feet 
oi in the fingers of both hands almost simul- 
taneously, in some of the patients with rheuma- 
toid arthritis the processes occurred m a diftei- 
ent mannei , a finger or toe involved by the 
arthritic process (early as well as late) usually 
lemamed warm longer duiing the cool penod 
'than did an umnvolved digit When a large joint 
was involved, the digits of that extremity did not 
vasoconstrict as easily as did the digits m the 
'opposite extremity if the lattei w r as unaffected oi 
affected to a lessei degiee Furtheimore, the 
vessels of an affected pait frequently dilated 
.more leadily with lefiex heat The arthritic 
iprocess, probably as a lesult of inflammation, 
’seemed to cause vasculai relaxation to a greatei 
’degree in the affected digits Obseivation of 
.jhus dissociation led to the diagnosis of eaily 
rheumatoid arthritis in the 2 patients just men- 
loned, who were at first suspected of having a 
rascular condition resembling acrocyanosis, oi 
i Raynaud’s disease The diagnosis of rheuma- 
toid arthritis suggested by obseivation of this 
'dissociated response during the test foi vasculai 
“jone v T as later confirmed 

!,) Several othei conditions may also give such a 
tithssociated response during the test for vasculai 
'one These aie usually readily differentiated 
rom lheumatoid arthritis They include hemi- 
plegia, pressure on the brachial plexus by cer- 
vical rib, and piessure seen m scalenus anticus 
Vndrome 

I One other observation made in this study was 
iat there was much moie frequent and a much 
neater degree of perspiration in the distal 


phalanges of both hands and feet during the 
heating penod of the test foi vascular tone m 
patients with lheumatoid aithntis than m noimal 
persons 

COMMENT 

Relation oj Observations to Possible Cause of 
Rheumatoid Ai tin ills — From a study of the vas- 
cular tone of these patients with rheumatoid 
arthritis, the response w r as such as to indicate 
that they w r ere in the vasospastic gioup before 
this disease developed The high giade of vascu- 
lai tone was found in unmvohed digits or e\- 
tiemities The vessels in the extremities involved 
by the rheumatoid arthritic jnocess w r ere not 
as vasospastic as those m unaffected extremities 

We do not yet know all of the factors that maj 
influence vascular tone or why certain persons 
fall into the gioup wuth low vascular tone and 
others into the group with high vascular tone 
The term “vasomotor tone” is not used here, 
because the tone of blood vessels not onh is 
influenced by the sympathetic nervous system but 
depends in pail on the mtnnsic tone of the wall 
of the blood vessel itself, on pressor substances 
and on other factois In many persons sympa- 
thetic tone is the predominant factor m determin- 
ing the grade of lasculai tone The piesence ot 
larger than average pupils, measured with a 
pupillometer in a constant souice of light in 
patients w'lth lheumatoid arthntis suggests that 
increased sympathetic tone accounts foi the high 
vascular tone as w ell as for the increased sw eat- 
ing in these patients 

All persons are subjected to vasoconstnction 
m the winter, but there is a more prolonged and 
intense vasoconstriction m vasospastic peisons, 
who respond so readily to cold The patient 
with high vascular tone wall respond by vaso- 
constiiction moie readily than others to emo- 
tional stimuli and pam as w r ell as to cold The 
higher the vascular tone in a person, the shoitei 
is the duiation of vasodilatation following the 
application of heat Grant, Mudd and Goldman 3 
found that m human beings chilling of the body 
surface causes vasoconstnction and ischemia m 
the mucous membranes of the palate, phaiynx 
and palatine tonsils They also found that chill- 
ing of the body results in proliferation of organ- 
isms present in the mouth and m the pioduction 
of sore throats and slight constitutional symp- 
toms Since the vessels of persons with a high 
grade of vasculai tone constrict more ieadil} to 
cold, it v r ould appear that patients with lheu- 

3 Grant, S , Mudd, S , and Goldman, A A Fuither 
Experimental Study on Excitation of Infections of the 
Throat, J Exper Med 32 87 (July) 1920 
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matoid arthutis who have this tendency may be 
likely to have infections of the upper respiratory 
tiact moie fiequently than persons with a low 
grade of vasculai tone Vasospasm appears to be 
a predisposing background for lheumatoid arthri- 
tis It is conceivable that without this underly- 
ing factor m such patients, lheumatoid arthritis 
might not develop 

Freybeig and his associates, 4 m a study of 25 
patients with rheumatoid arthritis and controls, 
found that emotional stiess produced a drop in 
skin tempeiatuies indicative of a change in cn- 
culation The differences noted were suggestive 
but were not conclusive They concluded that 
the significance of emotional stress appeared 
worthy of fuithei investigation m lheumatoid 
aithntis Our studies indicate that if a large 
number of their control subjects were in the 
normal vasospastic group, one then would not 
expect significant differences between this group 
and their patients with rheumatoid arthritis Had 
their controls been persons with a low giade of 
vascular tone, theie would have been a signifi- 
cant difference m response between them and 
the patients with lheumatoid arthutis 

Myers 5 6 noted that no vasoconstriction was 
found m the penaiticular tissues in persons with 
lheumatoid aithntis This obseivation agiees 
with our observations of relaxed vessels m in- 
volved digits and extiemities 

Kovacs, Wright and Durj ee G observed a 
noticeable diminution in the volume of the periph- 
eral circulation with a great reduction m the 
number of capillaries m the peripheral tissues m 
patients with lheumatoid aithntis The thin, 
shiny, atrophic skin with cold, pale, clammy 
hands and feet and the cutaneous pigmentation m 
persons with lheumatoid arthritis results from 
an impaiiment of circulation, however, this de- 
ficiency must be contrasted sharply with the 
greatly increased blood supply in the articular 
tissues Although the extremities are usually 
cold and clammy, the affected joints may show an 
increase in local heat 

Hench 7 w r as unable to find any consistent al- 
teiation m the size of the capillaries or m capil- 
laiy flow in a laige number of cases of rheuma- 
toid arthritis and degenerative diseases Fur- 

4 Patterson, V M , Craig, J B , Waggoner, R W , 
and Freyberg, R H A Psychosomatic Study of 
Rheumatoid Arthritis, Umv Hosp Bull , Ann Arbor 
8 86 (Oct ) 1942 

5 Myers, W K Etiology of Rheumatoid (Atrophic) 
Arthritis, M Ann District of Columbia 5 203 (July ) 
1936 

6 Kovacs, J , Wright, I S , and Dury ee, A W 

Surface Tempeiature and Minute Vessels of Shm in 
Arthritis, JAMA 100 1018 (April 1) 1933 


theimoie, it is known that rheumatoid aithntis 
is not moie common m extremities wuth oigamc 
aitenal occlusion Conclusions drawn fiom pa- 
tients with organic arterial disease as to the influ- 
ence of circulation on arthutis are valueless The 
effect of t ascular spasm differs completely from 
that of simple arterial occlusion Not only the 
arteries but also the veins are involved m the 
spasm 

It is definitely known that veins can 
constrict and frequently do so For example 
m thrombophlebitis a paiavertebial block is done 
to relax venospasm as well as artei lal spasm Am 
obstruction to venous return, whether this is due 
to an obstiuction of veins or to venous spasm 
may result in edema There is scanty informa- 
tion concerning the flow of venous blood in the 
proximity of joints m lheumatoid aithntis The 
patient with rheumatoid arthutis is a vaso- 
spastic pei son, and in many persons the veins as 
w^ell as the arteries participate in the vasocon- 
stnction An increase m venous tone outside the 
area of the inflamed joint m the presence of de- 
ci eased arteriolar tone secondaiy to local inflam- 
mation in the proximity of joints could lesult 
m swelling m that legion Local inflammatory 
vasodilatation might predispose to local edema in 
the vicinity of affected joints in the presence of 
a geneialized peripheial vasospasm 

Relation of Observations to Clinical Picture of* 
Rheumatoid Arthritis — The observation that a< ! 
high grade of vasculai tone is a basic vasculai ( 
state m patients with lheumatoid arthritis may 
explain certain clinical features of the disease 
The frequent presence of cold hands and feet, 
increased sweating, symptomatic improvement' 
with vasodilating procedures and peihaps ag- 
gravation of the disease by emotional upsets of 
stress can be readily explained on the basis of 
a high grade of vasculai tone The blood ves- 
sels of normal peisons until high basal vascular 
tone constrict readily to cold and emotional 
strain These persons have cold feet and, often 
cold hands They usually sweat more easily 
either because of increased sympathetic tom 
oi because of decreased ability to eliminate heal 
through vasodilatation 

If one tells a normal peison with a high basa 
vascular tone that he is to have an injection 
there occurs an immediate drop of 2 to 6 degree, 
(centigrade) m finger temperature, vuth a con 
siderable i eduction m peripheial blood flow 
This behawor is equally characteristic of 

7 Hench, P S, m discussion on Ko\acs, J Th 
Peripheral Blood Circulation in Chronic Arthritis an 
the Influence of Vasodilators, JAMA 103*180 
(Dec 8) 1934 
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patient with rheumatoid aithritis who also has a 
high basal vasculai tone The high basal vascu- 
lai tone in patients with rheumatoid arthritis 
is not abnormally high It is simply the grade 
of vasculai tone which is found m from 30 to 40 
per cent of noimal persons 

In testing ovei 400 subjects without lheuma- 
toid arthritis, increased vascular tone was found 
much more commonly in women than in men 
Clinically there are many more women than men 
who give a history of cold hands and feet It is 
interesting and perhaps significant that rheuma- 
toid arthritis occurs from two and a half to foui 
times as frequently m w omen as in men and that 
the occurrence of rheumatoid arthritis is most 
fiequent in the fingeis and toes, the sites of 
greatest vascular tone m the body These are 
the sites selected by other conditions associated 
with vasospasm, namely, Raynaud’s disease and 
scleroderma Rheumatoid arthritis is more com- 
mon m cold countiies, wheie vasoconstriction 
would be expected, and is much less frequent in 
warm regions, where vasodilatation is the normal 
state Changes m barometric pressure may also 
influence the vascular tone as well as other fac- 
tois, such as marked vanations in temperature 
Relation of Obseivations to Treatment of 
Rheumatoid Aithntis — Om observations sug- 
gest that frequent and persistent attempts to 
produce reflex vasodilatation, as with v'aim tub 
baths and by heating the ti unk, may tend to relax 
i the tone of peripheral vessels Repeated lumbar 
paravertebral block with procaine hydrochloride 
''may prove to be worth while for some patients 
Avith persistently painful joints in the low 7 ei ex- 
tremities Periods of continuous caudal anes- 

'j 


thesia foi persistent articular pains in the low'd 
extiemities may be useful foi piolonged vaso- 
dilatation and analgesia The symptomatic bene- 
fit obtained by some patients with rheumatoid 
arthritis from a constant warm, dry climate might 
be explained on the basis of constant peripheral 
vasodilatation Ghormley and Silverglade 8 ha\ e 
stressed the efficiency -of systemic heating m con- 
trast to local heating m producing generalized 
vasodilatation Also, since these persons are 
chilled easily, the necessity of proper clothing 
in cold weathei must be stressed 

SUMMARY 

A study of the vascular responses of patients 
with rheumatoid qrthntis under basal conditions 
disclosed a characteristic vascular pattern The 
basal vascular tone in these patients is high Then 
peripheral vessels are easily constncted This 
high vascular tone may explain certain clinical 
features of the disease and may be one of the 
basic factors in predisposing persons to rheuma- 
toid arthritis and to flare-ups of the condition 
after emotional upsets and exposure to cold It 
may also explain the causalgia-like symptoms, 
such as hyperesthesia and severe burning pain 
and a lou'er threshold foi pain, wfluch would 
maintain a leflex cycle of pain and v asoconstric- 
tion 

A characteristic dissociated type of l espouse 
dunng the test foi vasculai tone has pei nutted 
early diagnosis of lheumatoid aithritis in some 
patients 

8 Ghormley, J XV, and Siherglade, A Circula- 
tion of Joints of Chronic Arthritis, New York State 
J Med 39 14S9 (Aug 1) 193y 



GALLBLADDER DYE (IODOPHTHALEIN SODIUM) 

EFFECT OF INTRAVENOUS INJECTIONS ON CORONARY FLOW, 
BLOOD PRESSURE AND BLOOD, COAGULATION 


FLORENCE E LAWSON, MD 

CHICAGO 


The dangeis of mtiavenous cholecystogi aphy 
have been cited m the literature since 1925 At 
this time, Graham, Cole and Copher 1 noted the 
incidence and symptoms of various disturbances 
occurring in connection with the use of intra- 
venous injections of gallbladder dye 

Palmei and Ferguson, 2 m 1933, reviewed the 
literature on reactions and contraindications to 
intravenous cholecystography Their conclusion 
was that the chief contraindications are cardio- 
vascular (cardiac decompensation and angina 


conti amdicated m hypertonia and hypotonia and 
in every case m which there is the slightest sus- 
picion of coionaiy insufficiency or impending 
coronary spasm 

In 1939, Guignard and Nemours-Auguste 4 
leported an occurrence of syncope, with disap- 
pearance of the pulse and loss of urine and feces, 
following intravenous cholecystogi aphy 

It is the purpose of this papei to piesent 2 
cases of anaphylactic shock without coionaiy 
occlusion and 2 cases m which coionaiy oeclu- 



Fig 


1 — Effect of intravenous injection of lodophthalem sodium on coronary flow and blood pressure 


m the dog 


pectoris or coronal y scleiosis) In 1938, Lutz 
and Seyfned 3 published an article on corrobora- 
tion by autopsy of a clinical diagnosis of sudden 
heart failure in the presence of coronaiy scle- 
rosis in a 68 year old man who had been given 
gallbladdei dye intravenously a few minutes 
before death The conclusion of Lutz and Sey- 
fried was that intravenous cholecystogi aphy is 

1 Graham, E A , Cole, W H , and Copher, G H 
Cholecystography The Use of Sodium Tetraiodophe- 
nolphthalem, JAMA 84.1175-1177 (April 18) 1925 

2 Palmer, W L , and Ferguson, A N Intrave- 
nous Cholecystography Reactions and Contraindica- 
tions, Tr A Am Physicians 48 385-397, 1933 

3 Lutz, W, and Seyfned, H Gefahren der mtra- 
\enosen Cholezystographie, Munchen med Wchnschr 
85 1019-1020 (Julj 8) 1938 


sion occurred after administration of lodo- 
phthalein sodium I also present the result of my 
experiments with the drug on both dogs and 
human beings 

REPORT Or CASES 

1 Anaphylactic shock from mtiavenous injections of 
todophthalcin sodium 

Case 1 — F W was a 45 year old man \\ ith know n 
gastrointestinal allergy After being given 1 cc of the 
gallbladder dye (3 Gm diluted with 50 cc of isotonic 
solution of sodium chloride), he noted a feeling of 
w'armth m his arms, tinnitus and pounding in his head 
and became unconscious HiS pulse was so weak that 
it was indiscernible, and the blood pressure could not 

4 Guignard and Nemours-Auguste Accident grave 
a la suite d’une injection mtraveineuse de tetraiode, 
Arch d mal de 1’app digestif 29 211-213 (Feb) 1939 
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be detected The patient was given 1 cc of 1 1,000 
solution of epinephnne hydrochloride subcutaneously 
and placed in the Trendelenburg position After he 
regained consciousness, his blood pressure was 108 sys- 
tolic and 80 diastolic He complained immediately of 
substernal pain, which persisted m spite of an intra- 
venous injection of a solution of 3% giains (0 24 Gm ) 
of theophylline ethylenediamine Twenty-four hours 
later, his blood pressure was 132 systolic and SO dias- 
tolic, and forty-eight hours later it was 140 systolic and 
84 diastolic Senal electrocardiograms showed no diag- 
nostic deformities 

Case 2 — B G was a 40 yeai old woman with no 
history of allergy, who immediately after injection of 
the dye presented a picture of shock The pulse was 
thin and thready , she did not respond to external 
stimuli, and the blood pressure could not be detected 
Epinephrine, in addition to the usual shock therapy, 
was given, and she responded She did not complain 
of thoracic pain 

Table 1 — Effects of Intiavenous Injection 1 ; of 
Iodoplitlialcin Sodium on Dogs 



Coronary 

Plow 

Blood 

PlllSC 


Cc 

Pressure 

Rate 

Dog 1 Weight 11 G Kg 

Control 

0 51 

31/2 7 

144 

50 seconds after 500 mg dje 

1 17 

2 4/2 0 

150 

Dog 2 Weight 10 Kg 

Control 

1 2G 

5 7/5 4 

123 

50 seconds after 500 mg dje 

2 70 

4 1/3 G 

123 

Control 

1 G2 

5 2/4 7 

114 

25 seconds after 250 mg dj c 

2 62 

4 1 r G 

123 

Control 

ISO 

4 7/4" 

120 

30 seconds after 175 rag dye 

2 1G 

4 5/4 0 

120 

Dog 3 Weight 8 2 Kg 

Control 

0 51 

2 0/17 

111 

20 seconds after 500 rag dje 

1 44 

14/10 

105 

Dog 4 Weight 9 Kg 

Control 

1G2 

5 0/3 8 

117 

35 seconds after 4G0 mg dje 

2GS 

3 0/2G 

102 

Control 

117 

3 4/3 2 

99 

55 seconds after 230 mg dye 

1 SO 

2 9/2 5 

90 

Control 

144 

2 3/1 8 

93 

50 seconds after 115 mg dje 

2 25 

2 2/17 

7S 

Control 

189 

2 4/2 0 

90 

50 seconds after 75 mg dye 

2 25 

2 35/1 9 

99 

Control 

2 34 

2 3/1 95 

105 

45 seconds after 50 mg dje 

2 70 

2 3/1 85 

10S 


2 Coioiiaiy occlusion follozvtng the intravenous injec- 
tion of gallbladder dye 

Case 3 (from Wesley Memorial Hospital, where 
intravenous cholecystography was employed) — C A. Y 
was a 55 year old man with a history of angina pec- 
toris, who was given an intravenous injection of icdo- 
phthalein sodium Immediately after the dye was given, 
he had a severe attack of dyspnea, pain in his arms 
and a feeling of constriction in his chest and of faint- 
ness His blood pressure taken two days previously 
was 176 systolic and 102 diastolic, but after the gall- 
bladder dye was given, it was 140 systolic and 90 
diastolic Ten minutes later, it had risen to 180 sys- 
tolic and 110 diastolic Senal electrocardiograms 
showed changes m the T wave compatible with infarc- 
tion His white blood cell count was 22,400 the day 
after the dye was injected His sedimentation rate 
two days before the dye was given was 20 mm m one 
hour, it was 23 mm the day after injection of the 
dye His temperature rose 1 degree above normal the 
day after the gallbladder dye was given 

3 Coronary occlusion following the oial administra- 
tion of gallbladde; dye 


Case 4 (from St Luke’s Hospital) — C H W was 
a 65 year old man who had a history of angina pec- 
tons He was given gallbladder die oi ally and one 
hour later had an acute coronary occlusion, with a 
drop in blood pressure from 128 systolic and 102 dias- 
tolic to 60 systolic and 30 diastolic An electrocardio 
gram indicated an infarction of the posterior wall 
The patient died fouiteen days later 

EXPERIMENTAL STUDIES 

4 Expci intent on Dogs — The Morawitz cannula 
method of measuring coronary flow was employed I 
feel that this method is valuable for judging the com- 
parative result of flow' The dogs were anesthetized 



Fig 2 — Coagulation times of 4 patients after intra- 
venous injections of lodophlhalcm sodium Ten milli- 
grams of heparin was injected intravenously before the 
gallbladder dye w'as injected (dotted line) as a con- 
trol, five hours after the gallbladder die was injected 
(bioken line) and twenty -two hours after the gall- 
bladder dye w r as injected (solid line) 



Fig 3 — Coagulation times of 3 patients after intra- 
venous injections of lodophthalcm sodium Ten milli- 
grams of heparin w r as injected intravenously' before the 
gallbladder dye was injected (dotted line) as a con- 
trol, five hours after the gallbladder dy r c was injected 
(bioken line) and tvventy'-tvvo hours after the gall- 
bladder dye was injected (solid line) 

with dial (5,5-diallylbarbituric acid), 0 6 cc per kilo- 
gram of body weight, an artificial respiration setup 
was established, and the carotid artery' was cannulated 
for intravenous administration of the drugs used The 
dogs were heparinized The Morawitz cannula was 
then inserted into the coronary sinus Iodophthalem 
sodium was administered intravenously' in a dose pro- 
portionate to that given human adults, 3 Gm in 24 cc 
of water for a 155 to 160 pound (70 to 73 Kg ) adult 
The lesults are shown in figure 1 and table 1 



LAWSON— GALLBLADDER DYE 


145 


The conclusion reached as the result of these experi- 
ments on dogs is that the intravenous injection of lodo- 
phthalem sodium produces a fall m blood pressure and 
increases coronary flow 

5 Expet intents on Human Subjects — The effect of 
intravenous injections of lodophthalem sodium on the 
coagulability of the blood was determined for 7 patients 
by means of the heparin tolerance test described by 
de Takats 5 

A control heparm tolerance curve was made for each 
patient befoie the intravenous injection of gallbladdei 
dye was given A curve was made at the end of five 
hours and another at twenty-two hours after the dye 
was administered The results of these tests are shown 
m figures 2 and 3 A summary of the charts shows 
that, in the 7 patients studied there was prolonged 
coagulation time in 4, both at five hours and at twenty- 
two hours after the lodophthalem sodium was admims- 
teied In 3, there was a decreased coagulation time, 
as indicated by the heparin tolerance curve 

Studies of the blood pressure were done prioL to the 
injection of gallbladdei dye, immediately after the dye 
was injected and at five hour and twenty-two houi 
intervals There was noted a drop in blood pressuie 
m 5 patients, while 2 patients’ pressures remained the 
same (table 2) 

CONCLUSIONS 

1 lodophthalem sodium produces ^n mciease 
m coi onary flow m dogs 

2 Intravenous injections of lodophthalem 
sodium produce a drop in blood pressure, both 
m dogs and in human beings 

5 de Takats, G Heparin Tolerance, Suig, Gynec 
& Obst 77 31-39 (July) 1943 


3 The diop in blood piessure aftei injection 
of the intravenous gallbladder dye, obsen ed 
both in experimental dogs and m human beings 
may account for the occurrence of shock noted 
m patients aftei injection of the d>e In patients 
with sclerotic arteries, the drop m blood piessme 
after intravenous injections of gallbladder d>e 


Table 2 — Readings of Blood Piessme Befoie and Aftei 
Intiavenous Injections of lodophthalem Sodium 





Immedi 

Five 

Twcntj Two 




ately 

Hours 

Hours 


Patient 

Before Dje 

if ter Dje 

After D\e After D\e 

1 

G B 

91 /G4 

88/60 

106/80 

110/70 

2 

F A 

112/G8 

112/GS 

112/GS 

110/G1 

3 

L S 

121/86 

112/78 

100/76 

110/7S 

i 

J T 

130/85 

125/85 

10G/80 

101/7G 

5 

R M 

13G/S6 

120/82 

138/90 

121/S 1 

C 

M J 

120/78 

120/78 

320/71 

116/7> 

7 


110/70 

110/70 

110/74 

10G/SO 


may produce enough diminution of coi onai y flow 
to result m coionaiy thrombosis 

4 While the mechanism of the production of 
coi onary accidents by intravenous injections of 
gallbladder dye in peisons with coionaiy arteno- 
sclerosis is not fully explained by these experi- 
ments, it is clear that both blood pressure and 
coronary blood flow are profoundly affected 
Obviously intravenous injections of gallbladdei 
dye are contraindicated in persons with coionaiy 
artenoscleiosis 



CHANGES IN THE CENTRAL NERVOUS SYS'J EM ASSOCIATED 
W ITH ENCE1T1 ALH I S COMPUC A.TING PNEUMONIA 

I \ CLINICAL STUDY 
A B BAKER, M D , and H H KORAN, M D 

MIN M_\ VOLTS 


In % lew of the extensn e literature on the sub- 
eet of pneumonia, it is suipiising that the 
:erebral complications accompanying or follow- 
ng this disease have been almost entirely neg- 
ected Three important factors probablj ac- 
:ount for the neglect of the subject of cerebial 
implications 1 Pneumonia is usually treated 
iy the internist, who in most cases is not greatly 
mpressed by the milder ceiebral symptoms 
2 The pulmonary involvement often overshad- 
dws and even covers many of the cerebral 
symptoms 3 The great interest m the etiologic 
Factors and the treatment of the pulmonary 
lesions has almost excluded any investigation of 
ather phases of this illness The existing litera- 
ture on this subject, therefore, is comprised 
largely of isolated case reports published m 
French and South American journals Bonaba 
and his associates, 1 in 1939, were able to collect 
from the literature but 28 cases of pneumonia 
encephalitis Adler, 2 in reviewing 100 cases of 
postmfectious encephalitis occurring during a 
ten year period, observed 11 following pneu- 
monia The total cases of pneumonia during 
this same period numbered 18,000, making the 
percentage of cerebral complications but 006 
When one considers that pneumonia is one of the 
most common diseases of the human race and 
that many patients with the disease are treated 
with but a minimum of medical care, it seems 
inevitable that many instances of mild or even 
severe encephalitis are being overlooked regu- 
larly and that the frequency of this complication 
is greater than is generally suspected Detection 
of these complications becomes of paramount 
importance, since, as will be pointed out, seveie 

From the Department of Neuropsychiatry, Univer- 
sity of Minnesota 

This study was aided by a grant from the University 
of Minnesota Graduate School 

1 Bonaba, J , Marcos, J R , and Mendivil de Agorio, 
' S Nuevos casos de encefahtis neumonica, Arch de 
' pediat d Uruguav 12 317, 1941 

2 Adler, A One Hundred Cases of a Condition 
^ Diagnosed as Acute Encephalitis, Arch Neurol & 
5 Psychiat 44 541 (Sept) 1940 


ceiebral residuals may often follow lelaliveh 
mild pneumonia 

Comby, 3 who fiist called attention to this most 
interesting complication, felt that this form of 
encephalitis is associated more often with bron- 
chopneumonia than with lobai pneumonia His 
contention has not been substantiated As a 
matter of fact, encephalitis of a nonpurulent 
nature may follow almost every variety of pneu- 
monia, even the more recently described “virus 
pneumonia” or virus pneumonia type A (Rei- 
mann) 4 The cause of these ceiebral lesions is, 
as yet, unknown Although most cases re- 
ported have occurred during infancy and earl) 
childhood, almost evety age group may be in- 
volved Generally, however, the natuie of the 
cerebral complications is more dramatic in 
younger persons, and hence they attract moie 
attention Pneumonia encephalitis may appear 
at the beginning of, during or after the pneu- 
monia, frequently appearing dunng convales- 
cence, after the patient has become afebrile and 
appears well on the road to recovery The 
onset of symptoms is usually abrupt but may be 
gradual and mild There is a decided variability 
of symptoms, ranging from such genet ahzed 
complaints as headache, vomiting, vertigo and 
lethargy to the more dramatic complications of 
coma, convulsions, delirium, monoplegia, hemi- 
plegia, athetosis and psychic disturbances The 
most common picture seen is that of an acute 
meningoencephalitis that appears either at the 
height of the illness or at the time the acute 
infectious process is subsiding (Bonaba and 
co-workers, 0 Reimann, 4 and de Filippi and 
Fernandez G ) The patient complains of head- 

3 Comby, J L’encephalite aigue cliez les enfants, 
Arch de med d enf 10 577, 1907 

4 Reimann, HA An Acute Infection of the 
Respiratory Tract with Atvpical Pneumonia A Dis- 
ease Entity Probably Caused by a Filterable Virus, 
J A M A 111 2377 (Dec 24) 1938 

5 Bonaba, J , Bom, E, and Barberouse, C M 
Tres nuevos casos de encefahtis post-neumomca, Arch 
de pediat d Uruguay 8 245, 1937 

6 de Filippi, F, and Fernandez, I Encefahtis 
paraneumomca, Arch argent de pediat 11 22, 1939 
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ache, vertigo, \ omitmg, restlessness and some 
lethai gy In some cases the lethargy may 
deepen into coma, while in others the encephalitis 
may appear suddenly as deep somnolence in a 
patient who was apparently on the road to re- 
cover) (Bonaba and co-workers, 5 de Filippi and 
Fernandez,® Nove-Josserand and associates ' 
and Gareiso and Sagreras 8 ) Bonaba, Marcos 
and Mendivil de Agorio 1 reported 1 such case, 
that of a 5 year old child in whom the somno- 
lence appeared before the onset of the pneu- 
monitis The child was extremely lethargic, 
revealed bilateral positive toe signs and signs 
of bilateral papilledema This type of somno- 
lence at times is associated with motor restless- 
ness and extreme excitation 

In many instances, after a short period of 
generalized complaints, a severe delirium de- 
velops, with a clouded sensorium and even hal- 
lucinations (Mollard and Dufourt, 0 Reimann, 4 
Eschbach, 10 Stephan, 11 Comby 12 and Na- 
varro 13 ) Since this development most fre- 
quently occurs during the height of the infectious 
process, it has been assumed to be due to the 
toxic state produced by the pyrexia However, 
the appearance of a similar picture during con- 
valescence (Navarro 13 and Mollard and Du- 
fourt 0 ), as well as the numerous associated 
neurologic observations, strongly suggest an 
independent encephalitic process Mollard and 
Dufort, for example, reported a case of a 44 
) r ear old man who, while recovering from grave 
pneumonia, suddenly experienced a severe de- 
lirium with overactivity, followed by lethargy, 
stupor, convulsions and death within a period of 
four days In Eschbach’s patient, the delirium 
appeared on the fourth day of illness and was 
accompanied with numerous focal symptoms, 
such as Kermg’s sign, strabismus of the left eye 
and diplopia Comby 12 reported the amazing 
case of a boy 4 years of age Nine days after 
the onset of pneumonitis, the patient became 
delirious and experienced visual hallucinations 

7 Nove-Josserand, L , Rougier, and Feuillade 
Nevraxite consecutive a une pneumome chez une enfant 
de 4 ans Guerison, L>on med 153 272, 1934 

8 Gareiso, A , and Sagreras, P O Encefahtis 
agudas en los procesos mfecciosos, Rev argent de 
neurol y psiquiat 2 233, 1936 

9 Mollard, J , and Dufourt, A Sur l'encephahte 
aigue au cours de la pneumome, Ljon med 66 821, 1911 

10 Eschbach, H Pneumopathies a manifestations 
cerebro-memngees, Arch med -chir de Province 27 47, 
1937 

11 Stephan, B H Des paratysies pneumoniques. 
Rev de med , Paris 9 60, 1889 

12 Comby, M Les encephalitis aigues post-mfec- 
tieuses de l’enfance, Thesis, Paris, Masson & Cie, 1935 

13 Navarro, J C Neumoma, encefahtis, absceso de 
fochier, Prensa med argent 7 409, 1932 


After a few days a catatonic state manifested b) 
generalized hypertonicity developed Although 
the child seemed quiet and calm, his limbs would 
remain m peculiar positions, as m t)pical cata- 
lepsy This patient was observed for only six 
weeks, but during that time he showed no signs 
of improvement 

Convulsions of both a focal and a generalized 
nature have been reported (Stephan, 11 Comby, 12 
Eschbach 10 and Garzon 14 ) Garzon’s patient 
was a 2 y 2 year old child, who was lethargic 
and had generalized seizures thnty-six hours 
after becoming afebrile The spinal fluid re- 
vealed 120 cells, of v Inch 84 per cent were 
mononuclear leukocytes The child remained 
unresponsive, with a spasmodic rigidity of all 
limbs resembling a decerebrate rigidity Death 
ensued m two weeks Eschbach and Comby 
reported convulsions of a jacksonian type In 
Comby’s case, the convulsions were followed by 
persistent somnolence and paresis of the right 
side Stephan studied a dramatic case in which 
generalized convulsions appealed at the height 
of the pneumonitis, accompanied with headaches, 
stiff neck and mild delirium The convulsions 
continued for a week, leaving a spasticity of all 
limbs, particularly the lower, and ptosis and 
miosis of the right eye Nine days after the 
onset of the cerebral involvement, the patient 
died in a state of respiratory paralysis 

Probably the most impiessive of all the cere- 
bral complications is the sudden onset of motor 
weakness occurring during convalescence and 
after the patient appears to be lecovenng 
(Mouriquand and associates, 15 Lesieur, 10 Re- 
gine, 17 Buchanan, 18 Barm, 19 Stephan, 11 Comby 12 
and Eschbach 10 ) Hemiplegias predominate, 
although monoplegias (Buchanan) and even 
quadriplegias (Comby) have been reported 
Barm observed a 22 month old child in whom 
paralysis of the right side associated with aphasia 
appeared after four days of a normal tempera- 
ture Recovery began after nineteen days and 
was complete in one week Regine’s case was 

14 Garzon, W P Atenmgoencefahtis postn*eu- 
monica, Med de los miios 35 261, 1934 

15 Mouriquand, G , Bemheim, At , and Boucomont, 
J L’encephahte aigue dans la pneumome infantile, 
Presse med 41 211, 1933 

16 Lesieur, M At , Froment, J, and Gann, C 
Hemiplegie pneumonique et pneumococcie munngee san< 
reaction leucocytaire du hquide cephalorachidien, Bull 
ct mem Soc med d hop de Paris 28 570, 1909 

17 Regine, A Encefalo-miehte nella bronco-pol 
monite infantile, Riforma med 50 667, 1934 

18 Buchanan, D N Repeated Attacks of Henu 
plegia with Ataxia and Bulbar Palsv in a Child, Proc 
Roy Soc Ated 24 1064, 1930 

19 Barm, B Smdrome encefahtica transitona post 
neumomca, Ri\ sper di f remat 12 31, 934, 1935 
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much moie diamatic and less favoiable His 
patient was a 6 year old child, in whom weak- 
ness of the right arm and both legs developed 
after five days of convalescence Neurologic 
examination revealed light stiabismus and weak- 
ness of the light aim with spastic paraplegia of 
the lowei limbs The patient impioved slowly 
but aftei foity days suddenly had a recunence 
of the pneumonia and died m a state of extieme 
psychomotor excitement Buchanan leported 
neuiologic complications peisistmg ovei a foui 
yeai penod, indicating a continued action of the 
pathologic piocess At the onset his patient 
was unconscious foi three weeks Aftei re- 
covery she was blind and diagged hei left leg 
Penodically during the next foui )eais, this 
patient had vaiying neuiologic disabilities, which 
improved only to lecui These consisted of 
drowsiness, vomiting, tiemoi of hands, facial 
weakness and varying monoplegias and hemi- 
plegias At the time she was last seen, she still 
levealed a peisistent hemiplegia of the right side, 
with gross ataxia of both arms 

In addition to these more common complica- 
tions, isolated lepoits are available indicating 
a fairly widespiead and unpiedictable localiza- 


tion of the ceiebral pathologic process, pioducmg 
amauroses (Buchanan 18 ), aphasias (Piandi, 20 
Bonaba and Cantonnet 21 and Carrau 22 ), con- 


jugate deviations (Prandi 20 ) and varying types 
of involvement of the extiapyramidal system 
(Gareiso and Sagieias, s Bernheim and Bonne- 
Pfoy 23 and Monquand and associates 15 ) 

In view of the paucity of reports on this most 
t j. striking and often most lmpoi tant complication 
of pneumonia, it was felt that a review of some 
^ of our cases might seive the puipose of stimulat- 
ing moie interest in this form of cerebral pneu- 
^ moma The possibility of such persistent cere- 
wi bral complications even in the face of mild pneu- 
monitis makes it impel ative that the presence 
of any involvement of the central nervous sys- 


trn 

;ei 

ar 


tem be considered in the ultimate prognosis of 
( any case of pneumonia, particularly when the 
.^disease occurs in a child In selecting our cases 
we have attempted to use those which demon- 
m ^strate the vanous clinical varieties of cerebral 
jmvolvement 
itv 

.j 20 Prandi, G Di quattro cast di afasie insorti 
f -.durante malattie infettive, Pediatria d med prat 10 
*240, 1935 

21 Bonaba, J , and Cantonnet, H Neumococias 
5 sxtrapulmonares de la mfancia, Arch de pediat d 

>ediqj rU g Ua y g 39^ 1933 

2 22 Carrau, A , cited by Bonaba, J , and Barberouse, 
hagC M Encefalitis postneumonica en al mno, An Fac 
Cyclic med de Montevideo 24 28, 1939 

23 Bernheim and Bonnefoy Encephalite aigue au 
ours d’une pneumome infantile, Lyon med 152 335, 
'933 


REPORT OF CASES 

Case 1 — N K , a 10 year old girl, was first taken 
ill with a mild cough and a slightly elevated tempera- 
ture During the next few days liei temperature rose 
to 104 F , and she was hospitalized Examination re- 
vealed rales and scattered areas of dulness m the left 
side of the chest Roentgenograms of the lungs showed 
a peribronchial infiltration in the subclavicular region 
Roentgenograplnc examination four days later showed 
the process to have extended The patient continued 
to be septic for six dajs, with temperatures ranging 
from 99 F to 105 F No organisms could be cultivated 
from the sputum, and there was no response to chemo- 
therapy After six dajs her temperature gradually re- 
turned to normal, and convalescence ensued Through- 
out hei entire illness the patient remained mentallj cleai 
and cooperative 

O 11 the sixth day of convalescence the patient sud- 
denly vomited and became unresponsive When she did 
talk, her speech was shined, and she appeared confused 
and hew ildered Three days later she began to respond 
slightly by shaking her head Throughout this time 
her tcmperatuie remained normal, and she did not ap- 
pear toxic Examination three days after the onset of 
the cerebral symptoms re\ ealed hei fundi to be 
slightly congested There w r as a weakness of the right 
uppei and of the left lower extremities, with hjperactne 
reflexes in the paretic limbs There was a positne toe 
sign on the left Coordination was poor 111 the left 
lower limb All sensation was intact A spinal puncture 
showed 20 cells per cubic nullimctei, with 90 per cent 
mononuclear leukocytes 

Improiement continued to be slow The patient be- 
came more alert, and her slurred speech disappeared 
She had onlj a vague recollection of some of the occur- 
rences during her acute illness After six weeks of 
com alcscence, she was allowed to be up but noticed 
great difficult} with gait Neurologic check-up at this 
time revealed persistent signs She had difficult! repeat- 
ing test phrases She seemed somewhat unstable 
emotionally, giggling readily and without pro\ocation 
There was weakness of the right upper and both lower 
limbs The right triceps reflex was greater than the 
left, while the left ankle and knee jerks w'ere greater 
than the right There was a bilateral ankle clonus 
The Romberg sign w'as elicited, and there w’as a definite 
ataxic gait Psychometric examination revealed definite 
evidence of organic deterioration of the brain This 
patient w'as again examined three months after the 
acute illness Her neurologic signs had remained 
unchanged, except that her ataxia had become some- 
what improved Her gait was unsteady and mcoordi- 
nated Ps}chometric testing still showed evidence of 
organic deterioration 

Comment — This case is of extieme signifi- 
cance, since it indicates how diamatically seveie 
complications aftectmg the nervous system maj 
appear in association with lelatively mild and 
subsiding pneumonia In this patient, unfoitu- 
nately, the ceiebral damage appears to have been 
irreveisible, so that thiee months after its onset 
definite and incapacitating residuals still le- 
mamed 

Case '2 — B R was a 1 month old gnl, m whom four 
days prior to hei hospitalization pneumonia associated 
with thrush of the nose and throat developed Her 
chief symptoms consisted of cough, fever and bubbling 
rales and rhonchi audible over both lungs The leuko- 
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cyle count was normal Roentgenograms of the chest 
revealed a pneumonic process Cultures of materials 
from the nose and throat failed to disclose a causative 
organism 

After the first week, the infant’s temperature remained 
normal for three days but thereafter had an intermittent 
course, usually rising no higher than 102 F to 103 F 
Her cough continued A mild cjanosis and respiratory 
difficulty occasionally required administration of oxygen 
She soon became lethargic and drowsy and would often 
fall asleep, e\en while being attended by the nursing 
staff At times the somnolence was pronounced, but the 
patient could still be aroused It was also noted that 
she remained listless and apathetic and even remained 
asleep during intermittent periods of respiratory distress 
The infant’s condition became steadily worse, and 
she died on the twentieth day of her illness 

Autopsy — There were patchy bronchopneumonia and 
a multiplicity of small abscesses throughout both lungs 
The external surface of the brain showed no discernible 
abnormalities On coronal section, a large number of 
small petechial hemorrhages were observed throughout 
the subcortical white substance of both cerebral hemi- 
spheres Definite petechiae were not found in either the 
brain stem or the cerebellum 

Microscopic studies of the brain demonstrated an 
extremely severe vascular congestion throughout all 
regions, associated with a prodigious number of petechiae 
in the cerebral white matter The petechiae w'ere 
usually of the ring variety, but ball hemorrhages were 
not uncommon Occasionally a capillary w r as occluded 
by a typical platelet thrombus The nerve cells m many 
regions of the cortex exhibited chromatolysis and 
swelling 

Case 3 — Baby H was a boy born two months pre- 
maturely Since the mother had mild preeclampsia, 
labor was induced, and delivery occurred without any 
complication The child was entirely normal and suf- 
fered from no respiratory distress The Wassermann 
reaction of the cord was negative The mother had 
always been m good health and had one older child, 
who was living and well 

Examination of the infant revealed no abnormahtv 
other than prematurity His condition progressed 
tavorably for tvventv-five days On the twenty-sixth 
day, labored and irregular respiration, cough, a low 
grade fever and leukocytosis developed Numerous 
lales were heard bilaterally over the lungs Roentgeno- 
grams of the chest revealed a pneumonic involvement 
of the upper lobes of both lungs 
The patient’s condition improved slowly The entire 
h. course was relatively afebrile, with only occasional 
elevations of temperature between 100 F and 101 F 
-Niter a period of improvement for fourteen days, the 
infant became noticeably nervous and apprehensive and 
frequently refused his feedings Any disturbance caused 
a generalized shaking suggestive of convulsive move- 
ments A roentgenogram of the chest four days later 
demonstrated that considerable resolution had taken 
place, the left lung being entirely clear Another 
roentgenogram of the chest six days later showed only 
i minimal residual of the consolidation in the upper 
’obe of the right lung In spite of this improvement of 
he pneumonic process, the patient remained irritable and 
estless Two weeks after the onset of the neurologic 
omphcations and a month after the beginning of the 
meumoma, a positive Chvostek sign was noted Tetany 
ras excluded by a blood calcium value of 11 3 mg per 
mndred cubic centimeters The infant oecame weak, 
ad an intermittent low grade fever and manifested a 
cnerabzed trembling of the entire body Two days 


later he suddenly lost consciousness, his eves deviated 
upward, and he vomited After tins he remained list- 
less, and dysphagia developed Thereafter he failed 
rapidly, and he died later that day 

A spinal puncture was performed immediately after 
death It revealed a pleocytosis of 1S9 cells per cubic 
millimeter, almost all of which were mononuclear leuko- 
cytes The protein content of the spinal fluid was also 
elevated, being 126 mg per hundred cubic centimeters 

Autopsy — There was a congestion of the lower lobe^ 
of both lungs Microscopic study of the lungs demon- 
strated only mild bronchopneumonia showing lesolution 
Both the liver and the spleen were slightly enlarged 
apparently as a result of chronic congestion The extei - 
nal examination of the brain showed nothing abnormal 

Microscopic studies of the brain revealed a prominent 
vascular congestion and an occasional petechial hemor- 
rhage A few of the larger hemorrhages were rather 
diffuse In a few vessels there was a sparse leukocytic 
infiltration of the adventitia, consisting of a small num- 
ber of either mononuclear leukocytes or neutrophils 
or of an admixture of both A similar sparse exudate 
was also observed m the leptomeninges in scattered 
small areas This was generally associated with a 
well defined vascular congestion and small extravasations 
of blood Nerve cell disease was present m the cortex 
and consisted mainly of irregular areas of neuronal 
shrinkage and pyknosis The Purhmje cells of the 
cerebellum weie swollen and chromatolytic 

Comment — This illustiates a typical instance 
of death due to a cerebral complication in the 
course of a recovering pneumonic process In 
spite of the mild course of the original pneu- 
monia and m the absence of seveie pyrexia 
this patient had cerebial symptoms indicative 
of a widespread cerebral involvement The 
s event) 7 of the encephalitis was not influenced 
by the extent of the pi ecipitatmg pulmonan 
involvement, and, as is occasionally the case 
the illness teimmated fatally aftei a fanly iapid 
downhill course 

Case 4 — E A , a 45 year old woman, first showed 
evidence of a nf«nimonic process two days before her 
admission to the nospite^Sjie seemed to be progress- 
ing fairly vvell'wntil shorjly/ficrore her admission, when 
she suddenly bedame comifljse^Sufhout exhibiting anv 
other associated symptoms Examination revealed the 
patient to be entirely 7 unresponsive *Her' pupils were 
pinpoint-sized and fixed There vereSjpany fine and 
coarse rales throughout both pulmonary fields The 
patient showed no evidence of any motor weakness but 
did have bilateral positive toe signs The patellar 
reflexes were reduced The Brudzmski sign was shghtls 
positive, but Kermg’s sign was not elicited Examination 
of the sputum showed a type VIII pneumococcus 

The patient’s tempeiature during the next few days 
ranged between 99 F and 101 F Shortly after her 
admission a lumbar puncture was performed, and, while 
the fluid was clear, there was noticeably increased pres- 
sure The patient continued to remain unresponsive 
and involuntary Tvitchmgs of her arms and legs de- 
veloped, and she died after three days of coma 

Autopsy — There was a pneumonic consolidation of the 
middle and upper lobes of the neht lung, as v ell a« a 
number of smaller areas of patclu consolidation within 
the left lung The external surface of the bran 
appeared essentially normal Coronal sections however 
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demonstrated a large number of petechial hemorrhages 
disseminated throughout the subcortical white matter 
and basal nuclei of both cerebral hemispheres A smaller 
number of petechiae were scattered throughout the 
cerebellum The pons and medulla appeared normal 

Case 5 — E C , a 50 } ear old man, was admitted to 
the hospital with lobar pneumonia Shortly after the 
onset of his illness the patient, who had been m good 
health, had a grave delirium with extreme psj cho- 
motor overactivity His mental involvement necessitated 
Ins transfer to the hospital 

At the time of his admission he was found to be 
acutely ill, with a temperature of 103 F, rapid respi- 
ration and slight cyanosis Although he appeared 
lethargic, he was extremely restless He was poor!} 
oriented and at times confused On the third day of 
his stay in the hospital he showed evidence of early 
bilateral papilledema His temperature rose to 105 F , 
and he became more irrational He became extrcmch 
restless and at times agitated, wandering from his bed 
and being very difficult to control Because of lus motor 
overactivitj , restraints were required to keep in him 
in place He continued to manifest an extreme delirium, 
failing rapidly and dying on his fourth day in the 
hospital 

Although early cultures of the blood shoved no 
growth, a postmortem culture yielded a nonhemolytic 
Streptococcus 

Autopsy — The lungs showed an extensive lobar pneu- 
monia m the stage of early resolution Gross examina- 
tion of the brain displaced a vascular congestion 

Microscopic sections rev ealed pronounced vascular 
congestion and scattered petechiae in the form of small 
perivascular extravasations and ball hemorrhages In 
a few regions, small amounts of blood had escaped into 
the subarachnoid space The neurons of the cerebral 
cortex and those of the nuclei of the cranial nerves 
showed regressive alterations While many nerve cells 
were shrunken and pyknotic, others had undergone 
swelling and tigrolysis with a few ghost cells resulting 
In irregular focal areas the myelin displayed a minimal 
loss of its tinctorial properties 

Comment — This case represents an instance 
of fulminating pneumonia during which the pa- 
tient showed severe delirium ^Vlthough the 
cerebral comphcatid^|te|^jfeis ^H|e could be 
ascribed to the to«M|Hmsed^Bf the pyrexia, 
it is interestm g^W pp^iat the cerebral changes 
were simdAydpRpPe seen m cases in which no 
severe toxHty appeared to be present It is 
also of interest to note that in this case of ap- 
parent streptococcic pneumonia the cerebral 
'changes were similar to those seen in the pre- 
viously reported cases of pneumococcic and virus 
(pneumonia 

Case 6 — N P was a white man 29 years of age, 
’j whose illness began six days before his hospitalization 
r His early complaints consisted of a nonproductive cough, 
^fever, general malaise and diffuse discomfort m the 
^joints and muscles On the fifth day of his illness 
^generalized asthenia, severe coughing, excessive sweat- 
ing, slight lethargy, irritability and a temperature of 
^ 104 F developed 

r£ Examination at the time of his admission revealed 
3 diminished breath sounds over the lower lobes of both 
lungs and a strong suggestion of audible bronchial 
breathing over the lower portion of the left lung 


Mild tympanitis and epigastric tenderness weie noted 
Although the patient’s sensorium seemed to be some- 
what clouded, he was able to converse coherenth with- 
out a sign of confusion Roentgenograms of the chest 
demonstrated a bilateral patchy lmolvement tjpical of 
lobular pneumonia 

In spite of moderately large doses of sulfathiazole, 
the patient remained acutely ill for seven days On the 
eighth day Ins temperature dropped to 994 F, and his 
general condition improved considerably It appeared 
as if his recovery had begun However, within the 
next twenty-four hours he rather abruptly became 
stuporous, and complete hemiplegia of the right side 
with concomitant motor aphasia developed There also 
appeared episodes of twitching of the upper and lower 
limbs on the left, which recurred intermittently at 
varying intervals for the next few days A lumbar 
puncture yielded a clear spinal fluid, which contained a 
slight increase in protein (59 mg per hundred cubic 
centimeters) with no increase in cells 

During the ensuing days Ins condition steadih im- 
proved His sensorium gradually cleared, but he re- 
mained noticeably lethargic At times he would be rest- 
less and irritable, showing evidence oi explosive anger 
Motor function gradually began to return in his lower 
limb, but there was no recover}' in his upper extremit} 
His speech also improved, so that after a period of two 
months most of Ins conversation could be understood 
Even at this time, if the patient became tired or excited, 
Ins speech would again become unintelligible His 
strength continued to improve, so that at the time of 
his discharge, two months after the onset of the cerebral 
complications, lie was able to walk unassisted but with 
a definite limp 

Improvement continued after he left the hospital One 
}ear later, however, he still showed a definite defect 
of gait and was unable to vv rite with lus right hand He 
still complained of occasional diflicultv in finding the 
correct words to express himself His irritabilitv per- 
sisted and at times resulted in definite outbursts of 
temper He was last examined one and one-half vears 
after lus acute illness He still presented evidence of a 
mild disturbance of the personality and of slight intellec- 
tual deterioration There were a minimal paresis of the 
right lower side of the face and a nuld weakness of 
the grip in the right hand The lower limbs revealed 
no involvement, although an ankle clonus was elicited 
on the right The patient’s pronunciation of words was 
not disturbed, however, he showed considerable diffi- 
culty in expressing lus thoughts 

Comment — The sudden onset of the hemi- 
plegia in this case would naturally suggest the 
possibility of the occurrence of some embolic 
piocess However, when one reviews the obser- 
vations more carefully, it readily becomes appar- 
ent that the involvement was much more wide- 
spread and that the hemiplegia was only a single 
expression of a widely disseminated encephalitic 
process 

RESUME OF CLINICAL OBSERVATIONS 

The clinical pictuie produced by the involve- 
ment of the central nervous system m pneu- 
monia is characterized by a noticeable vanabilit) 
from case to case Judging from a review of the 
cases reported in the literature as well as from 
owi own studies, we can divide the clinical syn- 
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diomes geneially seen into five relatively inde- 
pendent groups These divisions are of definite 
importance, since each seems to carry with it 
certain characteristics which are of both diag- 
nostic and prognostic significance Each group, 
therefore, warrants a brief comment 

1 Generalised Symptoms of a Nonspecific 
Nature (case 1 ) — The symptoms in this form 
of the illness are of a general nature and consist 
of headache, vomiting, diplopia and mild 
lethargy often interrupted by periods of excite- 
ment These complaints generally appeal shortly 
after the onset of the pulmonary symptoms and 
disappear after the pneumonic involvement re- 
cedes At times these symptoms may become 
seveie, developing into fairly intense lethargy 
oi severe excitement, or even visual hallucina- 
tions The neurologic examination will reveal 
scattered signs Signs of meningeal irritation 
almost invariably occur during the fiist few days 
of the illness, only to be the first of the cerebral 
symptoms to disappeai The prognosis in this 
foim of illness is generally good In most cases 
lecovery is complete within two weeks, with 
no lesiduals In only 1 case reported by Rei- 
mann 4 was death due to the encephalitic 
involvement The changes in the spinal fluid 
vaiy from none to a pleocytosis of as high as 
270 cells (Remiann) As a rule there is a mild 
pleocytosis, consisting chiefly of mononuclear 
leukocytes 

2 Delirious Form (case 5) — Often during 
the height of the pneumonia there is an acute 
delirium The onset most often is gradual, the 
patients becoming apprehensive, lestless, be- 
wildered and mildly confused They may be 
quiet and muttering or may show a severe psy- 
chomotor acceleration with overactivity, visual 
hallucinations and even occasional catatonic 
states (Comby 12 ) In Navarro’s 13 case, the 
delirium passed into a deep stupor Neuro- 
logically, these patients may show scattered 
signs, although some are entirely normal The 
spinal fluid reveals a pleocytosis m about half 
the cases Recovery is the rule and occurs 
lapidly after a few days of confusion In some, 
however, the mental complication may persist 
for weeks or even months Comby reported 1 
such case, in which the psychotic state persisted 
as a permanent residual 

3 Convulsive Type (case 3) — It is question- 
able whether this type constitutes a separate 
form of complications of the central nervous sys- 
tem associated with pneumonia or whether it 
meiely comprises an accompanying symptom of 
the other forms of cerebral complication In 
most of the reported cases, the comulsions oc- 


cuired independently of any othei manifestations 
and hence have been placed by us as a sepaiate 
gioup The convulsions are usually geneiahzed 
and appear from four to fifteen days aftei the 
pneumonia Occasionally the convulsions mav 
be focal, resembling a typical jacksoman seizuie 
They are usually recurrent over a period of days 
and are followed by pei lods of lethargy oi som- 
nolence The prognosis is mvanabh faioiable 
m this type of case, improvement beginning 
within a few days Complete lecoveiy, how- 
ever, is usually delayed, requiring from one to 
thiee months In the occasional case, as the 
convulsions disappeai, residual complications 
become apparent m the form of paresis of the 
various limbs (Comby 12 and Stephan 11 ) Re- 
sults of examination of the spinal fluid ha\ e been 
reported m only a few of these cases and in all 
have been normal 

In the three types of cerebral complication 
just described, the symptoms appear at the 
height of the pneumonia and have, therefoie, 
been suspected of resulting from a toxic condi- 
tion due to the high temperature Although 
this suspicion may be warranted in some cases, 
the occurrence of similar neuropsychiatric s\n- 
dromes during convalescence and aftei the tem- 
perature has been normal for days, the delajed 
recoveiy, the occasional increased cell count of 
the spinal fluid and the permanent lesiduals 
certainly suggest some additional causative fac- 
tors besides the pyrexia 

4 Lethargic Type (cases 2 and 4) — This is 
by far the most unpredictable form of complica- 
tion and occurs with equal frequency dui mg 
the height of the illness and during convales- 
cence, when the patient seems to be recoiering 
The onset is always dramatic and abrupt, with 
the patient suddenly becoming unresponsive and 
stuporous within a period of minutes or hours 
This lethargic or stuporous state lasts for houi s, 
days or even weeks and then almost imanably 
begins to recede slowly, requiring many weeks 
for complete recovery As the letharg} dis- 
appears and the patient becomes more respon- 
sive, scatteied associated disturbances become 
apparent Many patients reveal motor aphasia 
or scattered motor weaknesses that persist foi 
weeks or months Recovery, although delaied, 
is the rule The spinal fluid is usually normal, 
even though m 1 case of Garzon 14 there w ere 
120 cells, of wdnch 84 per cent were mono- 
nuclear leukocytes 

5 Hemiplegic For m (case 6) — This form of 
complication no doubt comprises the most spec- 
tacular of the sjmptoms and emphasizes the 
importance of caution m e\ aluatmg the prog- 
nosis e\en after mild pneumonia The onset 
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is usuall) sudden and occtus from a few days 
to a few weeks aftei the patient’s temperatuie 
has leturned to normal and dm nig a penod 
when recover)^ would seem inevitable The 
seienty of the pneumonic piocess plays no pait 
m the incidence of this complication, since it 
may be seen in patients in whom the original 
pneumonia was mild The motoi involvement 
may be complete 01 paitial or may involve one 
01 more limbs It usually consists of a seveie 
hemipaiesis Theie is no piedilection foi any 
particulai side of the body In a few' cases the 
motor weakness is not noticed until the patient 
attempts to walk aftei a piolonged penod of 
lest in bed The cell count of the spinal fluid 
is usually noimal, although a pleocytosis has 
been leported (Grenet and associates 21 ) Re- 
coveiy is delayed and begins in about tw'o w r eeks 
Impiovement is slow, lequiring months or yeais 
foi complete lecovei) In about half the cases, 
residual weakness can be expected Buchanan 1S 
leported 1 case in which lecunent weaknesses 
occurred ovei a penod of foui )ears, with ie- 
sultant right hemiplegia and ataxia 

COMMENT 

Probably one of the most puzzling pioblems 
concerning the involvement of the cential nei- 
vous system m pneumonia is that legarding the 
actual nature and cause of such complications 
In attempting to arrive at any etiologic inter- 
pretation, one must keep in mind certain definite 
clinical facts, all of which tend to point to a 
common factoi m most cases Pneumonia, as 
is well knowm, can be caused by numerous 
different organisms, such as Sti eptococcus (Mil- 
ler and Lusk 23 and Small 20 ), Staphylococcus 
(Clnckeimg and Paik, 27 Reimann 28 and 
Baker 29 ), Pneumococcus, influenza bacillus 
(Goodpasture and Bui nett 30 and Hall, Stone 

24 Grenet, H , Isaac-Georges, P , and Desmarquest, 
J Deux cas d’encephahte pneumomque, Bull Soc de 
pediat de Pans 33 639, 1935 

25 Millei, J L, and Lusk, F B Epidemic of 
Streptococcus Pneumonia and Emp\ema at Camp 
Dodge, Iow'a, J A M A 71 702 (Aug 3) 1918 

26 Small, A A Pneumonia at a Base Hospital ^ 
Observations m One Thousand and One Hundred Cases 

: at Camp Pike, Aik, J A M A 71 700 (Aug 31) 1918 
3 27 Chickermg, H T , and Park, J H , Jr Staphylo- 

coccus Aureus Pneumonia, J A M A 72 617 (March 
: 1) 1919 

11 28 Reimann, H A Primary Staphylococcic Pneu- 

e moma, JAMA 101 514 (Aug 12) 1933 

29 Baker, R D Staphylococcal Pneumonia During 
i Epidemic Influenza in North Carolina (1941), South M 
* T 35 240, 1942 

« 30 Goodpasture, E W , and Burnett, F L The 

T Patholog} of Pneumonia Accompanying Influenza, 
U S Na\ AI Bull 13 177, 1919 


and Simpson 31 ) and viiuses (Kneeland and 
Smetena 32 and Reimann i ) In each type of 
pneumonia ceiebral complications of a sinnlai 
clinical and pathologic natuie maj occur This 
vanation immediately speaks against the etio- 
logic oigamsm of the pneumonia as the piobable 
agent causing the encephalitis It w'ould be 
almost impossible foi such a wide variety of 
difteient organisms to invade the brain through 
a similar hematogenous loule and piodtice 
sinnlai pathologic lesions These facts narrow 
the etiologic field dowm to tluee remaining con- 
sideiations 

1 Toxic Theoiy — It is well known that 
scattered cerebral S)inptoms may occur as symp- 
toms of toxemia secondary to pyrexia in am 
illness This is particulai 1) title in cluldien 
in u'hom vomiting, headaches, apathy and con- 
vulsions are extremely frequent However the 
occunence of such symptoms following a mild 
pneumonic pi ocess and often after the pneumonia 
has subsided foices one to speculate on the 
presence of some other toxin, one not necessaril) 
associated noth the p)re\ia but more directh 
i elated to the pneumonia and to the individual 
susceptibility to cerebial invohement 

2 Vv us Theoiy — A second theon w'ould in- 
volve the activation b) the pneumonia of some 
unknown virus w'hicli alread) w as present m the 
brain At present theie is no pi oof foi oi 
against such a theoiy Ceitainh the consistenci 
of the clinicopathologic picture m spite of the 
wude vanety of pathologic organisms imohcd 
in the pneumonia v'ould tend to favor such a 
theor) 

3 Allcujic Theoiy — Recentl) Fenaro 33 ad- 
vocated an allergic leaction of the biam as the 
cause of the ceiebial symptoms m postscarlatmal 
encephalitis He assumed that an allergic phe- 
nomenon took place m the cential neivous sys- 
tem during the infectious disease Certainly m 
favoi of this theoiy is the sinnlai it) of the patho- 
logic lesions m our cases w'lth those descnbed 
by Fenaro as occuiring in acute alleigic leac- 
tions The acceptability of this theoiy will be 
discussed in more detail in a latei publication 

Finally it seems impel ative to emphasize 
again the significance of these changes m the 

31 Hall, J N , Stone, AI C , and Simpson, J C 
The Epidemic of Pneumonia Following Influenza at 
Camp Logan, Texas, J A AI A 71 1986 (Dec 14) 
1918 

32 Kneeland, Y , and Smetana, H F Current 
Bronchopneumonia of Unusual Character and Undeter- 
mined Origin, Bull Johns Hopkins Hosp 67 229, 1940 

33 Ferraio, A Allergic Brain Changes in Post- 
scailatmal Encephalitis, J Neuropath & Exper Neurol 
3 239, 1944 
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cential nervous sjstem In many cases, as 
exemplified by out cases 1 and 3, cerebral com- 
plications of a most severe degree followed rela- 
tively mild pneumonia Such cases emphasize 
the importance of a careful neuropsychiatric 
examination of every patient ill with pneumonia 
to determine the presence of such cerebial symp- 
toms Any indication of involvement of the 
cential nervous system should be an absolute 
indication for moi e prolonged care, with extreme 
caution in any piognostic evaluation offered 
The favorable couise of the pneumonia does not 
necessarily mean that recovery will be complete 
and uncomplicated This study also suggests 
that many instances of mild cerebral involve- 
ment after pneumonia are probably being over- 
looked regularly Such cases may be the etio- 
logic basis of so-called unknown neuropsy- 
chiatric sequelae that aie observed fiom time to 
time in children 


SUMMARY 

Pneumonia, legardless of the causative oigan- 
ism, may be complicated by an involvement of 
the cential nervous system 

The severity and frequency of the resulting 
encephalitis do not correlate with the seventy 
of the pulmonary involvement Relativly mild 
pneumonia may be followed by severe ceiebial 
damage 

The clinical pictures produced by the involve- 
ment of the central nervous system can be 
divided into five gioups, each showing certain 
definite clinical chai acteristics which may be of 
both diagnostic and prognostic significance 
These groups are as follows (1) that charactei- 
ized by generalized symptoms of a nonspecific 
nature (headache, vomiting, lethargy and n ina- 
bility) , (2) delirious type, (3) convulsive type, 
(4) lethargic type, and (5) hemiplegic type 
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Dui mg the past sixteen years, the pathogenesis, 
clinical manifestations, prognosis, complications 
and therapy of putrid pulmonary abscess have 
been discussed in detail by the group concerned 
with thoracic diseases at Mount Sinai Hos- 
pital The clinical picture of acute putrid 
pulmonaiy abscess developed by these studies 
and publications differed m a nurnbei of respects 
from the accepted one This diffeicnce was 
particularly striking regarding therapy, for it 
was learned that relatively early surgical unroof- 
ing of the abscess effected a rapid cure, pi evented 
the appearance of complications and forestalled 
the development of bronchial distoitions and 
fibrotic pulmonary changes The validity of this 
departure from the previously accepted therap\ 
has been amply pioved by the results Opeia- 
tive drainage of acute putrid pulmonary abscess 
is becoming accepted as the correct therapeutic 
approach 

An expei lence with seveial bundled cases of 
acute putnd pulmonary abscess not only has pio- 
vided an understanding of the moie typical or 
classic cases but also has revealed numerous 
a anations In most instances the diagnosis of 
acute pulmonaiy abscess is made easily About 
one week aftei extraction of a tooth 01 tonsillec- 
tomy 01 often without any preceding unusual 
event, localized thoiacic pain, cough and hemop- 
tysis develop The expectoiation of foul sputum 
completes the pictuie Roentgenologic examina- 
tion of the chest leveals a cncumscribed area of 
density or a pulmonary excavation up to seveial 
inches m diametei A fluid level is often pi esent 
There aie many variations of the clinical picture 
in relation to time of onset, character of cough 
or amount of sputum In general, however, 
these variations do not make for difficulties in 
diagnosis There aie atypical loentgenologic 
features which may lead to errors in interpreta- 
tion concerning the progress of the disease but 
not concerning the diagnosis m the presence of 
foul sputum 

There is, however, a not inconsiderable group 
of cases m which the foulness of the sputum 

From the medical services and the suigical service 
of Dr Harold Neuhof, Mount Sinai Hospital 


eithei is absent 01 appeals late, and these cases 
offer difficulties in diagnosis Even with a great 
awaieness of the disease on the part of the 
diagnostician, there were instances in winch the 
diagnosis was long delayed or was not made In 
lecent yeais persistence in certain efforts, to 
which refeience will be made, usually has pro- 
vided the diagnosis However, we may refer at 
once to a recent case of putrid pulmonary abscess 
m which the diagnosis was not made during 
several weeks of obseivation in the hospital 
despite such effoits, although it was stronglv 
suspected throughout the period of observation 
Piolonged delav m diagnosis may lead not onlj 
to increased moibiditv and complications but also 
to death from spread of the disease bejond the 
limits of operative relief Thus the necessity of 
establishing the diagnosis is of clinical impor- 
tance and warrants full discussion 

The cases to be considered in this paper are 
instances of acute putnd pulmonary abscess 
without foul sputum We have termed this 
variety “shut-off abscess" on the assumption that 
the bionchus communicating with the abscess is 
occluded as a lesult of an inflammatory reaction 
and cannot dram the contents of the abscess In 
some instances a shut-off pulmonaiy abscess may 
go on to a putrid empyema, ci eating a special 
problem in diagnosis and therapy The subject 
of putrid empyema without foul sputum (which 
we have termed “surpnse" putnd empyema) will 
be discussed elsewhere 

The sole distinctive featuie of a putrid pul- 
monaij abscess is the foul or fetid odor There 
aie othei clinical features which will often offer 
diagnostic leads, but it is on the odor of the 
sputum that the most reliance must be placed 
When this odoi is absent, the likelihood is great, 
but not absolute, as we shall show, that the 
pulmonaiy lesion is not of this natuie Therapy 
is based laigely on the presence or absence of 
foul sputum However, foul 'and gangienous 
acute 01 subacute pulmonary abscesses may exist 
for months or longer ' m exceptional instances 
without foul sputum or foul breath 

The foulness of the sputum m connection with 
pulmonary abscess obviously depends on the 
154 
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patency between the seat of the disease and the 
di ainmg bronchi An odor will not be present if 
bionchial edema and secietion effectively seal the 
bionchial lumen from the abscess pioper There 
is no reason to believe that the abscess differs in 
any other respect from the typical putnd abscess 
It can be said with leasonable assuiance that 
most, if not all, putrid pulmonary abscesses are 
shut off to some extent Thus a charactei istic 
feature is the bi onchoscopic finding of edema of 
the bionchus leading to the abscess Another 
featuie to be noted m many cases is that the 
sputum, after being at fii st foul and expectoiated 
m large quantities, is theieafter only inter- 
mittently foul, m othei cases there is no lnstoiy 
of foul sputum after the initial episode The 
difficulty m visualizing the cavity by the mtio- 
duction of radiopaque fluid is well known 
Although the diagnosis is much moie leadily 
made when the abscess is only paitially shut off, 
theie is no discernible difference m the patho- 
logic charactei istics of the two varieties In 
both, the abscess is usually of substantial pi opoi - 
tions, situated supei finally within the lung with 
ovei lying viscei oparietal adhesions However, 
m the tiuly shut-off abscess a far gi eater ten- 
dency towaid invasion of the pleuia can be 
anticipated, the possibility always exists of late 
perfoiation of the shut-off abscess into the 
bronchial tiee The question of the existence 
of smaller abscesses (“cortical”) from which foul 
sputum is never derived and which are pi esumed 
to be sources of putnd empyema is a separate 
one which will be discussed elsewhere undei the 
title “Putnd Empyema Without Foul Sputum ” 
The discussions of a decade ago concerning 
the pathogenesis of the vanous types of pul- 
monary abscess have ceased for the most part 
m recent years Almost all observeis now believe 
that putrid pulmonary abscess is due to aspira- 
tion of infected material, which is assumed to 
lodge m a sublobar bionchus, pioducmg a seveie 
acute neciotizmg inflammation, edema and at 
least partial occlusion of the lumen The bactei la 
contained within the bronchus multiply and 
spread to the neighbonng blood vessels and 
lymphatics, causing vascular thrombosis At the 
same time, they infiltrate the segment of lung 
(bronchopuhnonaiy segment) supplied by the 
more 01 less occluded bionchus, pioducmg 
neci osis and a gangrenous inflammatory process 
From the beginning a putrid pulmonary abscess 
includes a bi onclual lesion, and fair-sized bronchi 
-aie involved The appearance of foul sputum, 
usually within two weeks of the inception of the 
lesion, is evidence that the abscess which has 
formed either has drained through the com- 


municating bionchus, the edema of which has 
subsided, or has perforated into the bionchus 
In 110 moie than 5 per cent of our cases was 
such drainage lacking, but this peicentage repie- 
sents the group in which the diagnosis of putnd 
pulmonaiy abscess was difficult There is no 
obvious explanation for the shut-off type At 
operation the appearance of the abscess canty 
with its communicating bronchial orifices is 
identical with that of othei abscesses One can 
only assume that the peisistence of occlusion of 
the communicating bionchus is caused bj edema 
and lodgment of detritus 

The obseivation of putrid pulmonaiy abscess 
without foul sputiim is not new, although this 
senes appeals to be the first of such cases to be 
gatheied and studied Lord 1 in 1919 mentioned 
that “m veiy lare instances the sputum and the 
bieath are not malodorous and the absence of 
the bad odor is, therefoie, not an assuiance 
against abscess ” Wessler and Jaches 2 

noted the ruptuie of “cortical pulmonaiy 
abscesses into the pleuial cavity as a cause of 
putnd empyema Eggers 3 suggested the pies- 
ence of similar occuirences in his case reports 
(cases 2, 3 and 5) Neuhof and Wesslei 4 in 
1932 offered the first distinctive description of 
such cases, stating that “the expectoration of foul 
pus does not occur m the small coitical type of 
lung abscess and in exceptional cases of shut-off 
abscesses ” The point was reiteiated by Neuhof 
and Hirshfeld 5 and Tom off and Moolten 11 
several years later 

The cause of shut-off pulmonary abscesses 
apparently is the same as that of other acute 
putrid abscesses In a study 7 dealing with the 
etiology and the pathogenesis of acute putrid 
pulmonar) abscess, it was pointed out that an 
obvious cause was not present in 64 per cent 
of 115 cases In these, a large percentage of the 
patients had significant gingivodental infections 
It was hypothesized that abscesses of obvious 
cause resulted from aspiration of infective matter 

1 Lord, F T Pulmonary Abscess, in Contribu- 
tions to Medical and Biological Research, Dedicated to 
Sir William Osier, New York, Paul B Hoeber, 1919, 
vol I, pp 640-649 

2 Wessler, H, and Jaches, L Clinical Roent- 
genology of Diseases of the Chest, Troy, N Y, The 
Southworth Company, 1923 

3 Eggers, C Lung Abscess Complicated and 
Hidden by Empyema, Arch Surg 12*338 (J an, pt 2) 
1926 

4 Neuhof, H, and Wessler, H J Thoracic Surg 
1*637, 1932 

5 Neuhof, H, and Hirshfeld, S Ann Surg 100 
1105, 1934 

6 Touroflf, A S W, and Moolten, S E T 
Thoracic Surg 4:559, 1935 

7 Stem, L J Thoracic Surg 6*202, 1937 
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mto small bionchi The usual etiologic factors 
weie geneial anesthesia, extraction of a tooth, 
coma and tonsillectomy 01 othei opeiative pro- 
cedures within the mouth, nose 01 pharynx In 
cases without such factois, it was felt that 
anaeiobically infected matenal fiom the gums 
and teeth had been aspirated during sleep 01 
possibly at othei tunes In the sei les of shut-off 
abscesses piesented heie, the etiologic factors 
were similar One patient had a tooth exti acted 
tlnee weeks before the onset of the disease, and 
anothei undeiwent a thyroidectomy undei gen- 
eial anesthesia In the remaining cases, there 
was no obvious cause, but most of the patients 
had grossly diseased teeth 01 gums oi excess 
tai tar 

The clinical pictiue of the shut-off type of 
pulmonary abscess depends on the size of the pul- 
monary lesion, its position, the imminence of 01 
the actual existence of perforation into the pleural 
space, the extent of the pleural infection and the 
presence of unrelated pulmonary or other disease 
If the pulmonary lesion is of substantial size, the 
mam symptoms aie likely to be cough and 
expectoi ation These vaiy, however In 1 case, 
theie was as much as 14 ounces (420 cc ) of non- 
foul sputum daily, while in anothei the sputum 
was scant In some instances, a gangrenous 
pulmonary abscess is so well tolerated locally, 
and occasionally systenncally, that the symptoms 
aie insignificant Cough may be slight oi in aare 
instances completely lacking It may be of a 
persisting hacking nature, accompanied with 
sputum at times, and may be pioductive of blood 
Not only its seventy but also its frequency may 
vary gieatly The cough may disappear for 
intervals and then lecui Bizarre couises have 
been obseived The relative mildness of cough 
and expectoration m the pi esence of a sub- 
stantial pulmonaiy lesion may be a sti iking 
feature of the shut-off abscess 

Either the pi esence or the absence of a pio- 
nounced constitutional response, such as a high 
level of leukocytes and fever, may be dispio- 
portionate to the size of the abscess The clinical 
picture often is alarming when the lesion has 
spiead to the pleura with extensive putud 
pleural infection To this there may be added 
lespiratory embariassment if theie is displace- 
ment of or pressure on mediastinal structures 
Pain is a general guide to the position of the 
lesion Most putrid pulmonary abscesses are 
accompanied m some stage of then development 
! (usually at the onset) with pains in the chest, 
often severe The area of pain usually points to 
the site of pleuritis When m rare cases the 
lesion faces an interlobar fissure, the diaphragm 
or the mediastinum, the location of the pain may 


be at variance with the situation of the abscess oi 
pain may be absent The importance of the 
appreciation of the significance of pains m the 
chest is greatei m putud pulmonary abscess than 
m many other forms of pulmonary disease 
Pams m the chest almost always mean pleural 
involvement In all cases, with rare exceptions, 
pioductive pleuntis seals the usceral and parietal 
pleurae ovei the lesion The acute inflammatorj 
element usually subsides in a slioit tunc, and with 
its subsidence the pain often disappeais Recur- 
rence oi persistence of seieie pain indicates 
fuither pleuial involvement, it stronglj suggests 
an extension of the gangrenous pulmonary lesion 
toward the pleural surface and possibly an 
imminent empyema 

The factors responsible foi spiead to the 
pleuia are not entnely known In certain other- 
wise typical cases of uncomplicated putrid pul- 
monary abscess, sudden oi giadual extension of 
the lesion to the pleuia may occur without 
discernible cause It is logical to assume that 
one important factor favoring spread to the 
pleuia is absence of drainage of the abscess 
through the bronchial tree Although our cases 
are too few foi statistical anal) sis, they suffice 
to show that extension to the pleuia is moie 
common in shut-off abscesses than m abscesses 
with foul sputum Pam in the chest was a more 
frequent and persistent symptom in these than in 
draining pulmonary abscesses Theie w r ere cases 
m which an unusually vuulent infection appealed 
to exist In these, severe pam in the chest at the 
onset and its persistence for days even m the 
complete absence of cough w ere ei idence of 
almost immediate spiead to the pleura, wnth 
the early foimation of an emp)ema 

It w r as necessary to i evert to the question of pam 
in acute putrid pulmonary abscess, because its 
coi rect interpretation has, in oui experience, 
been of value m solving an otherwise difficult 
diagnostic pioblem The diffeientiation of this 
pain, when the other features of the case have 
been considered, from that of the pleuntis which 
accompanies pneumococcus oi other foi ms of 
pneumonia has usually been possible In shut- 
off acute putrid pulmonary abscess, pam often is 
apoplectiform m suddenness and severity and is 
incapacitating Once established, it tends to pei- 
sist for days or weeks It may lemam fairl) 
seveie oi may vary considerably, but it usually 
continues 

Physical examination is not of decisue diag- 
nostic assistance Howevei, m the presence of 
a pleural infection (empyema) theie may be 
cyanosis, dyspnea and grunting respirations, and 
the trachea and mediastinal stiuctures may be 
displaced Examination of the chest may meal 
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little 01 nothing abnormal, dulness, abnormal 
bieath sounds and lales may be found When 
considerable fluid is present in the parietal 
pleural cavity, the well known signs may be 
found A splash may be audible on succussion 
01 indeed may be descubed by the patient if fluid 
and air coexist A symptom of some importance 
as evidence of a severe pleural infection is 
localized tenderness of the thoracic wall in the 
legion of severe pam This, howevei, occuis m 
nonputnd pleuial infections as well That 
clubbing of the digits is likely to occui early m 
the course of putrid pulmonary infection and at 
times to be of diagnostic importance is well 
known The absence of clubbing has no weight 
m a decision for or against a putnd infection 

The densities and rarefactions seen on roent- 
genographic examination in cases of shut-off 
abscess may be difficult to interpret They aie 
of no aid in a differentiation between a putrid 
and a nonputnd infection When the pulmonary 
lesion is small, its loentgenographic counteipart 
is relatively insignificant In 1 case nothing 
more than a small area of pulmonary infiltration 
was observed In another, m which a large 
abscess was subsequently demonstrated, an ex- 
tensive subapical density with the characteristics 
of a tuberculous or neoplastic mfiltiation was 
seen A fluid level m an abscess cavity usually 
means a fairly free communication with a bron- 
chus In most cases of shut-off pulmonary 
abscess the complicating pleuial involvement 
obscures oi modifies the pulmonary shadow to 
such a degree that it becomes uniecogmzable in 
films The familiar shadows of a localized or 
total pleural effusion or hydi opneumothorax 
may be seen The presence of multiple fluid 
levels usually means a loculated pyopneumo- 
thoiax A loentgenologic pictuie which often is 
difficult to intei pi et is seen m cases of infra - 
pulmonary or interlobar pyopneumothoi ax In 
such instances the general impression is that of a 
laige pulmonaiy abscess with a fluid level In all 
cases of suspected putrid pulmonaiy infection 
lateial and oblique views of the thorax and occa- 
sionally sectional i oentgenogi ams are necessary 
foi collect interpretation and accurate localiza- 
tion of the lesion 

The piecedmg discussion of the features of 
shut-off putnd pulmonary abscess must create 
the impiession that the clinical pictuie is subject 
to gieat vanation, and that is quite true The 
diagnosis can be piedicated only on an awaieness 
that the lesion maj exist It is not too much to 
say that the featuies just discussed must be kept 
m mind in all cases of acute pulmonary infection 
in adults, conceding the fact that pneumonia or 
bionchopneumonia due to a a nous organisms is 


much moie common than shut-off putrid abscess 
The occasional occui lence of shut-off pulmonau 
abscess, the tragedy that often results if the diag- 
nosis is long delayed and the recovery that may 
be anticipated with reasonably piompt diagnosis 
and therapy wan ant careful consideration of the 
existence of a lesion Attention should be all 
the moie focused on the possible existence of a 
shut-off abscess m cases with some of the 
features of abscess and with no response to 
chemothei apy 

The history of peisistent pain in the chest, the 
physical finding of flatness on percussion and 
the i oentgenographic demonstiation of pleuial 
fluid point to a complicating pleuial infection ol 
a shut-off pulmonary abscess The extent and 
chaiactei of the empyema aie vanable In most 
cases the empyema is extensive but not total 
An often accompanies the fluid At operation 
the external surface of the panelal pleura may 
leveal acute mfiammatoiy changes and edema 
Enhance into the empyema usually is signalized 
by the escape of very foul thm fluid and an At 
othei tunes theie may be a large quantity of 
seious nonodorous sterile fluid in the pleura, oi 
such fluid may be loculated about a smallei 
collection of foul fluid In impending peifora- 
tions of the abscess into the pleural cavity, cleai 
fluid with a faint foul odor may be obseived 
The sterile fluid is a “‘sympathetic" effusion Its 
presence indicates seveie pleural irritation Aftei 
evacuation of an empyema the pai tially collapsed 
lung covered by necrotic material may be seen 
A shallow or modeiately deep duty excavation 
m the pulmonaiy parenchyma (the abscess) mai 
be discernible, oi a small opening may lead to a 
laige undei lying lesion 

The piesence of a complicating pleuial infec- 
tion m cases of shut-off abscess suggests that by 
aspnation of the chest the charactei of the fluid 
can be ascertained and the diagnosis of a putrid 
infection established The aspirating needle is a 
valuable but dangeious diagnostic instrument 
To use the mstiument intelligently one must 
take gieat care to locate the fluid accurately 
Caieful roentgenologic study must precede 
aspnation In 4 of the cases characterized b\ 
empyema, aspiration provided the means for the 
detection of the putrid infection In each of 
these, several aspirations had to be pcrfonncd 
befoie the foul material was reached Not infre- 
quently only a “sympathetic" effusion is encoun- 
tered This should never leave one satisfied 
that the basic lesion has been disco\ered The 
presence of such fluid always suggests the possi- 
bility" (oi piobability) that an empyema may be 
found at an adjacent site The danger of 
thoiacentesis in the presence of a putrid plcu.ul 
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infection is m infection of the thoiacic wall The 
occunence of a putnd phlegmon of the wall may 
prove fatal Whenever foul fluid has been dis- 
closed by aspnation, immediate opeiation is 
impel ative, and the tiact of the needle is split 
open at the same time 

The diagnosis m oui cases of shut-off abscess 
was based on the long interval between the onset 
of the disease and the appearance of foul sputunl 
01 of putrid empyema In 5 of the 10 cases foul 
sputum was expectorated between five and sixteen 
weeks aftei the onset, and the diagnosis was 
theieby established In 4, foul pleuial fluid was 
aspuated In 1 case, the diagnosis was deter- 
mined only at autopsy In another (not included 
m this compilation), observed in the hospital foi 
many weeks, the abscess was still almost com- 
pletely confined to the lung when aspiration un- 
expectedly revealed foul pus 

The tieatment of acute putrid pulmonaiy 
abscess is often suigical It is not necessary to 
present the detailed evidence for the view we 
hold, foi this has been presented elsewhere S * * 8 
The almost unifoim satisfactory lesponse to 
operation and the low operative usk must be 
balanced against the dangers inherent m a policy 
of watchful waiting In any event, operation is 
imperative foi shut-off abscess In 2 of the 10 
cases operations were not performed, in 1 because 
the expectoration of foul sputum on one occasion 
after four weeks of mild illness represented the 
evacuation and spontaneous subsidence of a small 
abscess and m the other because the diagnosis 
was not made In all the others opeiation was 
performed as soon as the diagnosis of putrid 
pulmonary abscess with oi without empyema was 
made 

In this senes of 10 cases there were 2 deaths, 
1 of which was avoidable 0 The diagnosis was 
not made in case 3 The autopsy disclosed a 
small ruptured putrid abscess and a laige putrid 
empyema In case 5, which was encounteied 
eaily in oui expenence, death occurred seveial 
weeks after drainage of a small empyema In 
that instance, it was not possible to locate the 
mam focus of disease A ruptured pulmonary 
abscess and another putrid empyema were not 
found until postmortem examination In this 
instance present day methods of locating mtra- 
thoracic lesions might have led to drainage of 
the unopened foci 

There can be anticipated a significant improve- 
ment in a patient’s condition within a few days 

S Neuhof, H , and Hurwitt, E Ann Surg 118 

, 656, 1943 

i 9 Four recently observed operative cases, none of 

i them fatal, can be added 


aftei the operation and a vntual complete sub- 
sidence of symptoms and signs leferable to the 
abscess u lthm about two weeks In the absence 
of these favoiable developments an undrained 
focus can be assumed to be present The uni- 
foim and lapid clinical improvement of seriously 
ill patients with putrid pulmonaiy infections aftei 
adequate suigical drainage should provide the 
necessaiy stimulus to early diagnosis and 
treatment 

Shut-oft lesions comprise about 5 per cent of 
all the acute putrid pulmonary abscesses which 
we have observed in the hospital The subjoined 
table offeis a summary of 10 well documented 
cases m oui lecords A number of additional 
cases of shut-off abscess were not included 
because of incomplete data The following 2 
cases have been selected as illustrative of the 
pioblems which arise m the diagnosis and the 
management of shut-off putnd pulmonary 
abscess 

Case 1 — The patient was a 43 year old man whose 
illness started ten weeks before his admission to the 
hospital with cough, fever, chill} sensations and stabbing 
pain m the upper right side of the chest and behind the 
light shoulder The pain recurred mildly from time to 
time The cough and expectoration became more severe, 
and numerous small licmoptjses occurred A foul odor 
was never observed Fever and loss of weight finallj 
brought the patient to the hospital 

Examination revealed a chronically ill man, with 
moderate gingivodental disease Physical examination 
showed that the lungs vv ere clear The patient remained 
in the hospital for six weeks before a diagnosis was 
established He had a low grade fever and continued 
to sweat and lose weight The cough varied in seventy 
hut was generally rather severe From 5 to 14 ounces 
(150 to 420 cc ) of nonodorous purulent sputuin was 
expectorated daily Repeated search for tubercle bacilli 
revealed no organisms Occasional mild pain m the 
chest was experienced Bronchoscopic examination was 
performed on four occasions Purulent material without 
a foul odor was seen coming from the paravertebral 
branch of the bronchus of the upper lobe of the right 
lung Numerous roentgen examinations revealed only 
an area of pneumonic infiltration m the posterior portion 
of the axillaij part of the upper lobe of the right lung 
The lesion did not change in size Bronchography with 
iodized poppyseed oil was not helpful One day, sixteen 
weeks after the onset, the patient expectorated several 
ounces of extremely foul sputum Roentgenograms now 
revealed a large cavity, with a fluid level at the site 
of the previously observed infiltration 

Thoracotomy and pneumonotomy, performed after 
mobilizing the scapula, revealed a pulmonary cavity con- 
taining inspissated foul pus The lining of the abscess 
was partly sloughing and partly smooth and glistening 
Numerous bronchial openings were visible After being 
completely unroofed, the cavity was packed 

The postoperative course was prolonged, and the 
abscess cavity closed slowly At follow-up examina- 
tion fifteen months later, the operative incision was 
found to be healed and the patient was asymptomatic 

This case is unique and is the only one in oui 
senes that demolish ates the development undei 
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obseivation of a subacute or almost chronic 
putrid pulmonaiy abscess without foul sputum 
The failure of this abscess to extend to the pleura 
to form an empyema also is exceptional The 
fact that the diagnosis could not be established 
despite four bionchoscopic examinations is evi- 
dence of a completely shut-off putrid pulmonaiy 
abscess 


her readmission, the pain suddenly became cxtremeh 
severe and the temperature rose to 105 F 
On her admission the patient was cyanotic and 
tachypneic The mediastinal structures were shifted to 
the right, and there were signs of pleural fluid over 
the entire left side of the chest The thoracic wall 
was tender Clubbing of the digits was not present 
Roentgen examination revealed a diffuse clouding of the 
entire left side of the chest 


Putt id Piilmonmy Abscess Without Foul Sputum An Outline of Ten Cases 


Case 

Onset 

Pain 

Cough 

Expeeto 

ration 

Hospital 

Stay 

Before 

Diag 

nosis, 

Days 

Duiation 

of 

Disease 

Roentgen 

ographic 

Appearance 

Size 

of 

Pulmo 

nary 

Abscess 

Lxtent 

of 

Pleural 

Infection 

Result 

1 

Cough, 

gradual 

At on«et for 
a feu days, 
mild 

Persistent 
and modcr 
atcly severe 

Piofuse but 
nonfoul ex 
cept just 
preceding 
operation 

42 

16 weeks 

Pneumonic 

infiltration 

Large 

Is one 

Heeoven 

o 

Pain, sud 
den 

Moderate 
for 20 weeks 
at onset 

Persisted 
mildly after 
second week 

1 to 3 oz 
(3 7 to 11 1 
cc ) daily, 
nonfoul ex 
cept once 

6 weeks 
after onset 

14 

6 weeks 

Small 

pneumonic 

infiltration 

Small 

Xont 

Heeovtn 

<•> 

o 

Pain, sud 
den 

.Severe at 
onset, 
persisted 
mildly 

Mild, 

beginning 

3 days 
after onset 

Not foul, 

1 to 3 oz 
daily 

17 

20 days 


Small 

Modern te 

panetnl 

empyema 

Death 
patient 
not opu 
ated on 

4 

Infection of 
upper respi 
ratory tract, 
gradual 

1 week after 
onset, severe, 
persisted with 
remissions and 
exacerbations 

Mild from 
onset, per 
sistent 

Scant, non 
foul 

Diag 
nosis on 
idmission 

3 weeks 

Pneumonic 
infiltration 
and pleural 
effusion 

Small 

Total, 

parietal 

empyema 

Recovery 

5 

Infection of 
upper respi 
ratory tract 
and pain, 
gradual 

Gradually 
mcxeasing 
severity , 
persistent 

Mild 

Scant, non 
foul 

10 

24 days 

Pleural efifu 
sion, later 
fluid levels 
appeared 

Mod 

crate 

Modciate, 
interlobar 
and infra 
pulmonury 
empyema 

Death, 

imdraln 

edpumio 

nary 

abscess 

and 

empy cm t 

0 

Cough, 

gradual 

Severe, 2 weeks Mild for 
after onset, 2 weeks 

persistent with and then 
exacerbations stopped 
and remissions 

Scant, ques jDiug 

tionably foul nosis on 
on 1 oeca admis 

si on 2 weeks si on 

after onset 

4 weeks 

Pneumonic 
infiltration 
and small 
pleural 
effusion 

Mod 

crate 

Moderate 
parietal 
empy cm a 

Rocovorv 

7 

Cough, 

gradual 

Severe for 2 
weeks after 
onset 

Moderate 
from onset 

Several 
ounces daily, 
foul immedi 
atcly before 
operation 

1 

13 days 

Pleural effu 
'ion 

L uge 

Moderate 

parietal 

empyema 

IB coven 

s 

Cough and 

fever, 

gradual 

Began 2 weeks 
after onset, 
mild for 3 
weeks, then 
severe 

Mild but 
persistent 

Scant, not 
foul 

11 

S weeks 

Inoculated 
py opneumo 
thorax 

Small 

Moderate, 

jnfrapu) 

inonun 

empjcinn 

Roeoverv 

9 

Cough and 

fever, 

gradual 

Stnrted 2 
weeks after 
onset, severe, 
recurred from 
time to time 
for 0 weeks 

Mild but 
persistent 

Scant, not 
foul until 

8 weeks 
after onset 

42 

S weeks 

» 

Effusion, Mod 

later locu orate 

lated pjo 
pneumothorax 

Moderate 

Interlobar 

empyema 

Recoverv 

10 

Pain, sud 
den 

Severe, remis 
sions for 

5 weeks 

Slight, 4% 
weeks after 
onset 

Scant, not 
foul 

Dia*, 
no*is on 
admis 
ston 

3 dnvs 

Vt first pneu 
momc InfU 
tration, later 
fluid level 

Yerv 

large 

Xone 

Recovery 


Case 2 — Six weeks before her admission to the hos- 
pital, this 60 year- old woman had a thyroidectomy 
under general anesthesia The postoperative course was 
complicated by a ten day febrile episode characterized 
by slight cough without expectoration and by indefinite 
mild discomfort in the left side of the chest Roentgen 
examination revealed an area of pneumonic infiltration 
m the lower lobe of the left lung The temperature 
gradually subsided, and the patient was discharged 
from the hospital Thereafter she experienced inter- 
mittent mild discomfort m the left part of the chest, 
occasional cough and low r grade fev cr Two day s before 


The patient w'as obsened for the next two weeks, 
during which time she remained acutely ill The pun 
diminished m severity but persisted, and the cough m- 
ci eased somewhat, but nothing more than scant non- 
odorous sputum was expectorated Subsequent roent- 
genograms revealed the development of a large fluid 
level The temperature varied between 102 5 and 100 F 
Five thoracic taps were done, but only turbid nonfoul 
sterile pleural fluid was obtained ^ulfapv ridinc cm 
not affect the clinical course Finally, the sixth tap, 
two weeks after admission, disclosed foul p.,', a. d 
immediate operation was performed 
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A parietal ‘ s\ mpathetic” effusion was traversed before 
a large mfrapulmonaty pyopneumothorax was entered 
and drained A small, perforated putrid pulmonary 
abscess was seen on the inferior surface of the lower 
lobe, and this was unroofed All the recesses of the 
pulmonary cavity and the infected pleura were packed 
The drained areas soon became clean A bronchial 
fistula was present foi several da>s There was rapid 
sjmptomatic improvement The patient was discharged 
in three weeks Follow-up examination six weeks later 
revealed the patient to be in excellent condition and the 
wound completely healed The patient was found to 
be well at a follow-up examination one year after her 
operation 

The history, the clinical and roentgenograplnc 
data, the operative findings and the postopeia- 
tive course aie characteristic of shut-off acute 
putrid pulmonary abscess with putrid empyema 
The site of perforation in the mfrapulmonary 
space led to a localized collection of pus situated 
away from the panetes It was for this teason 
that only “sympathetic” fluid was so often w ith- 
diawn on exploratorj punctuie 

SUMMARY 

The early appearance of fetid sputum estab- 
lishes the diagnosis of acute putrid pulmonaij 
abscess in the gieat piepondeiance of cases Foul 
sputum does not appear at all or makes its 


appeal ance much latei than usual in about 5 pei 
cent of the cases On the basis of the assumed 
mechanism, the teim shut-off pulmonaiy abscess 
appeals appropriate for such cases The great 
tendency of shut-off abscesses to invade the 
pleuia compnses a special feature The clinical 
manifestations with and without pleural invasion 
and the difficulties m diagnosis in the absence 
of fetid sputum must be caiefully considered 
The diagnosis should be entertained when (1) a 
cause for a putrid pulmonary abscess exsists 
(oi, m the absence of a cause, dental hygiene is 
pool) , (2) thoiacic pain is severe, prolonged or 
lecurrent, (3) cough and expectoration are 
minimal or absent, and (4) the roentgenogram 
leveals peisistent pulmonary infiltration with or 
without pleural effusion There are grave 
dangers inherent in a too long dela) ed diagnosis, 
but there is a likelihood of a correct diagnosis 
it the possibility of this lesion is borne in mind 
The excellent icsults which can be achieved b) 
adequate operations on the pulmonary abscess as 
well as on the complicating empyema, which is 
often present, proude an additional incentive 
to establishing the diagnosis of shut-off putrid 
pulmonary abscess 



SULFONAMIDE COMPOUNDS AND PENICILLIN 
the ErrncT or combined ther \py on experimental 

INFECTIONS IN MICE 

ERNEST H SULTAN, M D , DORIS W JENKINS, AB, and WINDSOR C CUTTING, M D 

SAY riM.YCISCO 


Penicillin and one oi the sulfonamide com- 
pounds are frequently used simultaneously m 
treatment of senous infections m an attempt to 
enhance the therapeutic effect Ungat , x in 1943, 
reported that sulfapyridme potentiated the ac- 
tion of penicillin, both in vitio and m a limited 
numbei of infected mice Soo-Hoo and Schmt- 
zer 2 confirmed Ungai ’s claim that penicillin 
and vanous sulfonamide drugs weie syneigistic 
m combatting streptococcic infections in mice 
They also showed that penicillin could pi event 
the inhibiting action of paraammobenzoic acid 
on the sulfonamide diugs This observation 
suggested that, although penicillin and the sul- 
fonamide drugs are presumed to act by diffeient 
mechanisms, the combined effect might be 
greater than a summation and might lepresent 
a potentiation due to the inhibition by' penicillin 
of the action of pai aaminobenzoic acid piesent 
in pus and exudates and even m noimal tissue 
fluids T’ung 3 studied the m vitio effects of 
sodium sulfathiazole and of penicillin alone and 
m combination, on several strains of Biucella 
oiganisms In about half the strains theie was 
susceptibility to the drugs individually, and theie 
was an enhanced bactericidal effect wdien the 
combination was used In similar m vitio 
studies on Actinomyces bovis and related organ- 
isms, Dobson and Cutting * were unable to 
demonstrate any impoitant mciease m mhibi- 

From the Department of Phaimacology and Thera- 
peutics, Stanford University School of Medicine 

1 Ungar, J Synergistic Effect of Para-Amino- 
benzoic Acid and Sulfapyridme on Penicillin, Nature, 
London 152 245 (Aug 28) 1943 

2 Soo-Hoo, G , and Schnitzer, R J The Activity 
of Penicillin Combined with Other Anti-Sti eptococcal 
Agents Towards /3-HemoIytic Streptococci in Vivo, 
Arch Biochem 5 99 (Sept ) 1944 

3 T’ung, T In Vitro Action of Penicillin Alone 
and in Combination with Sulfathiazole, on Brucella 
Organisms, Proc Soc Exper Biol & Med 56 8 
(May) 1944 

4 Dobson, L G , and Cutting, W C Penicillin 
and Sulfonamides m the Therapy of Actinomycoses 
Report of Sixteen Additional Cases and in Vitro Tests 
of the Susceptibility of Actinomyces to Penicillin and 
Sulfadiazine, to be published 


tion when sulfonamide compounds and penicillin 
weie used simultaneously 

Because of the theiapeutic implications m the 
suggestion of additive oi syneigistic effects 
tlnough the use of the turn chemotheiapeutic 
agents together, the problem was studied m bac- 
tenal infections m mice 

REPORT OP EXPERIMENTS 

Pncttmococctc Infection — White mice weighing about 
20 Gm each were given intraperitoneal injections of 
0 5 cc of a 1 100 dilution of a twenty-four hour cul- 
ture m blood broth of pneumococcus type I recently 
isolated from a patient One or two days later, depend- 
ing on when the mice showed signs of severe illness, 
treatment was started In series 200 and 201, 10 mg 
of sodium sulfadiazine or 10 units of penicillin, oi 
both, was injected subcutaneously twice daily for four 
days In series 202, 203, 205 and 206, 5 mg of sodium 
sulfadiazine or 20 units of penicillin, or both, was 
injected subcutaneously twice daily for foui days In 
each series, the control group and each test group 
consisted of 5 oi 10 mice The results, based on the 
number of mice surviving after one week, showed a 
slightly enhanced effect with the combined drugs 
(table 1) Largei doses of penicillin (50 to 100 units 
twice daily) saved all mice 


Table 1 — Suivival of Mice Aftei Pncumococcic In- 
fection token Treated with Sodium Sulfadiazine or 
Penicillin o? with Both 




Number of Animals Surviving 

7 Dajs 


No of 


Sodium 


Sodium 


Animals 


Sulfadiazine, 

Penicillin, Sulfadiazine 


m Each 


Mg Twice 

Units Twice 

Plus 

Series 

Group Control 

Daily 

Daily 

Penicillin 

200 

5 

1 

5 (10) 

2 (10) 

3 

201 

5 

0 

2 (10) 

0 (10) 

o 

v> 

202 

5 

0 

0 ( 5) 

0 (20) 

2 

203 

5 

1 

2 ( 5) 

0 (20) 

u 

205 

5 

0 

1 ( 5) 

1 (20) 

O 

205 

10 

0 

4 ( 5) 

2 (20) 

5 

Percentage surviving 

0 

40 

14 

50 


Sticptococcic Infection — White mice weighing about 
20 Gm each were given intraperitoneal injections of 
0 5 cc of a 1 100 dilution of a twenty-four hour cul- 
ture of G 27 K hemolytic streptococci About six 
hours later treatment was started In series 210, a 
dose of 5 mg of sodium sulfadiazine or 20 units of 
penicillin, or both, was injected subcutaneously, twice 
daily for two or three days In series 211, 212, 213 and 
214, the dose of sodium sulfadiazine was 0 5 mg and the 
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penicillin was increased to 30, 40, SO and 60 units twice 
daily respectively In each series, the control group 
and each test group consisted of 5 or 10 mice The 
results, based on the number of mice surviving after 
one week, showed that the combination of penicillin 
and sodium sulfadiazine was slightly superior to the 
individual drug (tabic 2) In the higher doses peni- 
cillin alone saved all the animals 

Tvble 2 — Swvwal of Mice Aftei Sti cptococcic Infec- 
tion when Tt cat cl with Sodium Sulfadiazine 
oi Penicillin oi zviih Both 


dumber oi Animals Surviving 7 Dai s 



Iso of 

Sodium 


Sodium 


Animals 

Sulfadiazine, 

Penicillin, 

Sulfndia/ine 


m Each 

Jig Twice 

Units Twice 

Plus 

Ser fas 

Group Control 

Pai/j 

Daily 

Penicillin 

210 

5 1 

4 (5 ) 

0 (20) 

1 

211 

5 0 

2 (0 5) 

0 (30) 

> 

212 

5 0 

1 (0 5) 

0 (40) 

> 

213 

10 1 

8 (0 5) 

7 (50) 

10 

214 

5 1 

2 (0 5) 

2 (00) 

4 

Percentage surviving 10 

50 0 

30 

70 0 


COMMENT 

The fiequent clinical policy ot using sulfona- 
mide drugs and penicillin simultaneously is given 
a measure of support by the experimental lesults 
obtained With both pneumococcic and strepto- 
coccic infections m mice, combined theiapy in 
the doses used resulted m slightly better per- 
centages of survival than therapy with either 
diug alone While largei doses of eithei single 
drug might have given equally good oi even 
better results, the expenmental lesults still have 
clinical significance 

The doses of sodium sulfadiazine used, 1 to 
10 mg. daily foi a 20 G m mouse, are piopoi- 
tional on a weight basis to a daily dose of 3 5 
to 35 Gm for a 70 Kg man Although sul- 
fonamide diugs are bettei tolerated by small 
animals than by human beings, the lnghei closes 
approach the margin of safety, and the combina- 
tions would obviously be superioi to an inci eased 


dose of the sulfonamide diug The doses of 
penicillin, 20 to 200 units daily, are similaih 
propoitional to 70,000 to 700,000 units daily foi 
an adult man With the largei doses, all the 
animals weie saved, and theiefore no enhance- 
ment of action by the combination could be 
demonstrated Nevertheless, e\en though these 
laige doses are nontoxic, foi infections with 
oiganisms moie resistant to penicillin, for mixed 
bacterial infections oi foi grave illnesses, the 
most effective action of penicillin may not be 
obtained with them and combined theiapy mav 
be valuable Howevei, foi highly susceptible 
infections, the combination would appear to offer 
no advantages and to possess the disadvantage 
of possible toxic effect from the sulfonamide 
drug 

The total effect of the combination of peni- 
cillin and a sulfonamide drug is far shoi t of the 
sum of the individual effects, and potentiation, 
therefore, in the sense of an effect greatei than 
an additne effect, is absent 

conclusions 

Pneumococcic and streptococcic infections in 
mice responded slightly moie favorably to simul- 
taneous tieatment with penicillin and sulfa- 
diazine than to treatment with eithei drug alone 

When doses comparable to those tried aie 
used clinically, some enhancement of theiapt 
may be expected from the combination 

Even when lnghei doses of penicillin are used, 
the desperate state of the patient or the resis- 
tance of the particular causative organism oi 
organisms may warrant combined therapy 

The penicillin was provided by the Office of Sci- 
entific Research and Development from supplies as- 
signed by the Committee on Medical Research for 
experimental investigations recommended by the Com- 
mittee on Chemotberapeutics and Other Agents of the 
National Research Council 
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TULAREMIC MENINGITIS 

REMEW Or THE LITERATURE AND REPORT OF A CASE WITH 
POSTMORTEM OBSERVATIONS 

BYRON M STUART, MD, and ROSCOE L PULLEN, MD 

NEW ORLE\NS 


Tularemia has been accepted geneially as a 
s} stennc disease which frequently piesents 
manifestations that may be intei preted as being 
septicemic in nature It is logical, theiefore, to 
suspect m case of a septicemic disease such as 
tularemia that almost every tissue of the body 
at some stage of the illness may be infected 
Although evidence of meningeal notation and 
involvement of the central nervous system are 
occasionally observed in cases of tularemia which 
terminate fatally, instances m which the existence 
of tularemic meningitis has been proved, eithei 
during life or by postmortem studies, are un- 
usually rare, especially when one considers the 
frequency with which the lungs, liver, spleen 
and lymph nodes are involved m fatal cases of 
tularemia Because invasion of the meninges 
b} Bacterium tularense (Pasteurella tularensis) 
has been observed so infrequent!}', we have con- 
sidered it worth while to report this case, which 
came to our attention m a recent review 1 of 
the cases of tulaiemia that have occurred at 
Charity Hospital since 1928 

As eaily as 1927, Francis and Callender 2 
mentioned a case which was probably an exam- 
ple of tulaiemic meningitis Again, in 1930, 
Francis 3 made mention of 5 fatal cases of 
tularemia terminating with severe meningeal 
s)mptoms Plaizlip and O’Neil 4 in 1931, how- 
e^r, were the hist to demonstiate that the 
meningeal symptoms associated with tularemia 

From the Department of Medicine, Tulane University 
ot Louisiana School of Medicine and Chanty Hospital 

1 Pullen, R L, and Stuart, B M Tularemia 
Analysis of Two Hundred and Twenty-Five Cases, 
JAMA 129 495 (Oct 13) 1945 Stuart, B M , and 
Pullen, R L Tularemic Pneumonia Review of 
American Literature and Report of Fifteen Additional 
Cases, Am J M Sc 210 223 (Aug ) 1945 

2 Francis, E , and Callender, G R Tularemia 
Microscopic Changes of the Lesions in Man, Arch Path 
3 5 77 (April) 1927 

3 Francis, E Tularemia, in Cecil, R L Text- 
book of Medicine, Philadelphia, W B Saunders Com- 
pany, 1930 

4 Haizhp, J O , and O’Neil, A E A Case of 
Meningitis Due to Bacterium Tularense, JAMA 
97 704 (Sept 5) 1931 


weie the result of invasion of the spinal canal 
by Bact tulaiense Subsequent cases have been 
reported by Bryant and Hirsch, 5 Hartman, 0 
Pund and Hatcher 7 and David and Owens 8 The 
last mentioned successfully isolated the infecting 
organism from the blood and spinal fluid of 
then 5 year old patient befoie death occurred 
The table summarizes those cases considered 
acceptable as instances of tularemic meningitis 

REPORT OF CASE 

S J , a 34 year old Negro man, was admitted to 
the service for contagious diseases at Charity Hospital 
on Feb 16, 1940 The patient had been perfectly well 
until five days prior to his admission, at which time he 
had a severe, shaking chill with profuse sweating 
Several hours later, he began to have a severe head- 
ache, and his wife believed that he had a high fever at 
that time The following day he felt well enough to 
return to work but continued to have a mild headache 
No nausea, vomiting, diarrhea, cough, hemoptysis or 
other symptoms were present He continued to feel 
“dumpy” until about thirteen hours before his admission 
to the hospital, at which time he lapidly became con- 
fused and disoriented and failed to recognize familiar 
people and objects He apparently failed to hear what 
was said to him or at least failed to comprehend what 
was said He would place his hands over his eyes 
occasionally and mumble incoherently He was seen by 
a physician, who advised him to come into the hospital 
for treatment The patient’s past history and family 
history were noncontributory 

On admission to the hospital, he was observed to be a 
well developed, well nourished Negro man, 34 years of 
age, who was uncooperative, agitated, confused and dis- 
oriented and had to be restrained His temperature was 
100 4 F by mouth, pulse rate 58 per minute and respira- 
tory rate 20 The blood pressure was 130 systolic and 
82 diastolic The pupils reacted to light There was 
no rigidity of the neck and no lymphadenopathy Auscul- 


5 Bryant, A R, and Hirsch, E F Tularemic 
Leptomeningitis Report of Case, Arch Path 12 917 
(Dec) 1931 

6 Hartman, F W Tularemic Encephalitis Pa- 
thology of Acute Tularemia with Brain Involvement and 
Coexisting Tuberculosis, Am J Path 8 57 (Jan ) 1932 

7 Pund, E R, and Hatcher, M B Tularemic 
Meningitis Report of Case with Postmortem Observa- 
tions, Ann Int Med 10 1390 (March) 1937 

8 David, J K , and Owens, J N Tularemic 
Meningitis Report of a Case and Summary of Pre- 
viously Reported Cases, Am J Dis Child 67*44 (Jan ) 
1944 
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tation and percussion revealed clear pulmonary fields 
The heart rhythm was regular There were no mur- 
murs Examination of the abdomen revealed no tender 
areas, masses or distention The extremities were nor- 
mal The deep tendon reflexes were sluggish, and 
Kermg’s and Brudzinski’s signs were absent 
Laboratory studies at the time of the patient’s admis- 
sion revealed a hemoglobin content of 14 4 Gm per 
hundred cubic centimeters and a white cell count of 
11,200, with 81 per cent polymorphonuclear leukocytes, 
16 per cent lymphocytes and 3 per cent monocytes Ex- 
amination of the urine revealed no abnormalities The 
serologic reaction of the blood was negative for syphilis 
by both the Klme and the Kolmer test Lumbar puncture 
on the day of his admission yielded spinal fluid under 
a pressure of 34 cm of water, of turbid appearance and 
containing 960 white cells, with 60 per cent large 
lymphocytes and 40 per cent small lymphocytes There 
was a 4 plus reaction for globulin The value for sugar 
was 45 4 mg per hundred cubic centimeters and for 
chlorides 643 mg per hundred cubic centimeters, and the 
colloidal gold curve was 00012340220 A smear of the 
spinal fluid showed no organisms Culture of the fluid 
showed no growth in twenty hours 
Several hours after his admission, the patient was still 
restless and agitated and was given paraldehyde Lum- 
bar puncture was repeated on February 17, with results 
similar to those of the previous day On February 18 
the patient began spitting up frothy, bright red blood 
The respiration and pulse were poor, some degree of 
rigidity of the neck was noted, and examination of the 
chest still revealed nothing abnormal The patient be- 
came comatose, and fluids were administered mtra- 
venousl} On February 19 he had two generalized con- 
i ulsions in thirty minutes Breathing was stertorous 
Seven and one-half grains (0 5 Gm ) of sodium amytal 
was given An infusion of 3,000 cc of 10 per cent 
dextrose in isotonic solution of sodium chloride was given 
The white blood cell count was 14,100 On February 20 
the patient’s condition became much worse Adminis- 
tration of oxjgen by nasal catheter was begun on Feb- 
ruary 21 The white blood cell count was 9,400 The 
urine was normal A spinal tap revealed that the cere- 
brospinal fluid was still turbid, 400 cells were present, 
and pressure was 24 cm of water Rales were heard 
bilaterally A roentgenogram of the chest was inter- 
preted by the roentgenologist as “showing increased den- 
sity in the left lung from the level of the third to the level 
of the sixth rib anteriorly and slightly increased density 
of the right side in the penhilar zone The picture was 
not characteristic of tuberculosis and was suggestive 
of pneumonia of the left lung’’ Full doses of sulfa- 
p\ ridine were prescribed and were given by the intra- 
venous route Infusions were continued On February 
22, the eleventh day of illness, the patient died 

Postmortem examination was performed by Dr Emil 
Palik, of the department of pathology of the Charity 
Hospital, approximately five hours after death occurred 
Following is the autopsy protocol 
Gross Pathologic Changes — Body The body was 

that of a well developed, well nourished Negro man, 34 
/ears of age, measuring 175 cm m length and weighing 
152 pounds (69 Kg ) Rigor mortis was present and 
also body heat The pupils were round and equal and 
measured 3 mm each The scleras were clear The 
abdomen was flat No edema was present Oral hygiene 
was poor The extremities and external genitalia re- 
vealed nothing unusual 

Peritoneal Cavity The membranes of the peritoneal 
cavity were smooth and glistening There were no 
adhesions or free fluid The appendix, omentum and 


mesenteric lympli nodes appeared normal The dia- 
phragm extended to the fifth rib on the right and the 
sixth interspace on the left 

Pleural Cavities The membranes of the pleural 
cavities were smooth and glistening No free fluid or 
adhesions were present, and the lungs complete^ filled 
the cavities 

Pericardial Cavity The pericardial surfaces were 
smooth and glistening The pericardial sac was normal 
in size, shape and position There was no free fluid or 
adhesions 

Heart The heart weighed 350 Gm The valves, 
endocardium and coronary arteries presented no signifi- 
cant abnormalities The myocardium was pale red and 
firm 

Aorta The aorta presented numerous small, pale 
jellow, atheromatous plaques 

Lungs The right lung weighed 1,100 Gm , the left 
weighed 850 Gm The surfaces w'ere smooth and dark 
red On section, all lobes m both lungs presented con- 
fluent large and small dark red areas of consolidation 
Some of these areas appeared moist, others, dry and 
granular The hilar ljmph nodes were edematous 
The bronchial tree contained mucoid exudate The ves- 
sels appeared normal 

Spleen The spleen weighed 190 Gm , it w'as dark 
red and moderately firm On section, the malpiglnan 
corpuscles appeared prominent No abnormalities were 
seen throughout the pulp, and the pulp scraped with 
moderate difficulty 

Liver The liver weighed 2,100 Gm It was reddish 
brown and moderately firm On section, the normal 
architecture was seen The gallbladder appeared normal 
and contained dark brown bile The biliary tract and 
portal vein were normal 

Pancreas The pancreas weighed 70 Gm , it was 
moderately firm and pale graj On section, the normal 
architecture was seen 

Gastrointestinal Tract The gastrointestinal tract 
was normal in its entirety 

Adrenal Glands The adienal glands weighed 10 Gm 
each Thej w'ere tan colored and soft On section, the 
normal line of demarcation between cortex and medulla 
w’as seen 

Kidneys The right kidney weighed 190 Gm , the left 
w’Cighed 210 Gm They were pale red and moderatch 
firm The capsules stripped with moderate difficult}, 
revealing finely granular renal surfaces On section, 
the cortices were found to measure 8 mm each and 
were clearly demarcated from the medullas The cor- 
tical stnations W'ere normal The calices, pelves and 
ureters appeared normal 

Urinary Bladder The urinary bladder contained a 
small amount of clear straw-colored urine The mucosa 
was pale gray and smooth The ureteral and urethral 
orifices were patent 

Genital Organs The prostate, testes, seminal vesicles 
and urethra were normal 

Brain When the calvarium was removed, the me- 
ninges were found to be intact, and w’hen they were 
opened the cerebrospinal fluid was found to be clear 
The brain itself weighed 1,470 Gm The subarachnoid 
vessels were greatly dilated The hemispheres w'ere 
s} mmetrically developed Over both of these there were 
a few patches of grayish white exudate, especially over 
the frontal region These were limited to the" sulci 
There was no exudate apparent grossly at the base of 
the brain No softenings could be felt On section, no 
abnormalities could be seen within the brain substance 
and ventricles 
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Mtcioscopic Examinations — Heart The myofibrils, 

connective tissue and vessels appealed normal 
Lungs In some areas the alveoli and bronchioles 
appeared normal In other areas, the alveoli were filled 
with polymorphonuclear leukocytes and a small amount 
of fibrin In some areas, the alveolar septums had been 
destroyed Numeious macrophages containing tiny 
brown granules of pigment were present The bronchi- 
oles contained acute inflammatory gxudate and debris 
The vessels appeared normal 

Spleen The capsule, trabeculae, malpigluan cor- 
puscles and vessels appeared normal No foci of necrosis 
were present 

Liver The hepatic cords, portal spaces, central veins 
and sinusoids appeared normal The submucosa and 
muscularis of the gallbladder were infiltrated by a 
moderate number of lj mphocytes and plasma cells 

Miscellaneous Observations The cells of the cortex 
and medulla of the adrenal glands appeared normal, as 
did the mucosa and muscularis of the intestine 

The islets, acini, connective tissue and vessels m the 
pancreas, the glomeruli, tubules and arterioles of the kid- 
neys, the prostate lobules and stroma and the epididjmal 
lobules and stroma all appeared normal 

Bram In the meninges of most sections of the brain 
there were a few small and large round mononuclear 
cells, inflammatory in character There was an abun- 
dance of yellow pigmented granules, some of which were 
free and some inside the large mononuclear cells This 
infiltration was most severe in the choroid plexus Here 
also were seen numerous psammoma bodies All sec- 
tions of the cortex showed extreme congestion and 
severe degeneration of ganglion cells, the latter being 
greatly out of proportion to the degree of inflammation 
This swelling and disappearance of ganglion cells was 
also noted in the basal ganglions and in the brain stem 
The ependyma of tire lateral ventricles showed pl'icpie 
formation and subependymal gliosis In the medulla 
there were several subependymal petecluae 
Postmoitem Bactcuologic Obscivations — Culture of 
the blood showed no growth Culture of the lungs re- 
vealed streptococci Guinea pigs inoculated with sub- 
stance from the lungs and the bram became ill and 
were examined by autopsy on the fourth day Each 
showed numerous miliary lesions in the spleen consistent 
with the diagnosis of tularemia 

COMMENT 

There was no clue as to the mode of infection 
in this case , and, since no evidence of ulceration 
or regional lymphadenopathy was piesent, tula- 
remia was not considered as a diagnostic possi- 
bility Although an occasional report 0 of menin- 
geal symptoms associated with the typhoidal 
type of tularemia has appeared, this is, to our 
knowledge, the fust proved instance of tularemic 

9 Tilhsch, J H Case of Typhoid Tularemia, 
Proc Staff Meet, Mayo Clm 16 205 (March 26) 1941 


meningitis m which ulceiation oi regional lymph- 
adenopathy was lacking 

One can determine from the table that the 
average duiation of illness in 6 cases of tularemia 
befoie evidences of meningeal involvement ap-, 
peared was seven days Whether this may be 
interpreted as additional evidence m favor of a 
second bacteremia or invasion of the blood 
stream by Bact tularense five or six; days be- 
foie death in fatal cases, as postulated by Fo- 
shay, 10 we aie unable to state 

In an attempt to explain the pathogenesis of 
the meningeal involvement in cases of tularemia 
three possible loutes of invasion have been sug- 
gested David and Owens 8 have expressed the 
opinion that the infecting organism may have 
been intioduced into the subarachnoid space at 
the tune of the initial lumbar puncture m their 
case, since bacteremia was piesent when the 
patient entered the hospital Pund and Hatcher, 7 
m interpreting their case, considered the menin- 
gitis secondary to the breakdown of an area of 
focal necrosis in the substance of the brain The 
other suggested explanation is that the infecting 
oiganism reached the meninges directh by way 
of the blood stream 8 In a disease m which evi- 
dences of bacteiemia occur with considerable 
iiequency, involvement of the meninges is to be 
expected in a certain number of cases Tularemia 
is to be considered, theiefore, in the diagnosis of 
obscuie foims of meningitis, and, in turn, evi- 
dences of meningeal involvement should be 
sought for in gravely ill patients with tularemia 

Thus far, no patients with tularemic menin- 
gitis have recovered Therapy is of no avail, 
though one should utilize all available chemo- 
therapeutic agents, including penicillin and the 
sulfonamide compounds, and Foshay’s antiserum 

SUMMARY 

A case of tulaiemic meningitis was observed 
and studied Five pievious cases vveie collected 
fiom the liteiature To out knowledge, our case 
is the fiist in which tularemic meningitis oc- 
curred in the typhoidal form of the disease 

10 Foshay, L Tularemia A Study of Certain As- 
pects of the Disease Including Methods for Early Diag- 
nosis and the Results of Serum Treatment in 600 
Patients, Medicine 19 1 (Feb ) 1940 



INTRAVENOUS INJECTION OF ACACIA 

CLINICAL AND PHYSIOLOGIC EFFECTS ON PATIENTS WITH NEPHROTIC EDEMA 
JOHN B JOHNSON, MD, and LLOYD H NEWMAN, MD 

WASHINGTON, D C 


The management of edema in patients with 
chronic glomerulonephi ltis complicated by the 
syndrome of hypoprotememia and massive pio- 
temuria continues to be unsatisfactory The im- 
mediate cause of the edema is the reduced osmotic 
pressure resulting from the hypoprotememia No 
clinical methods are available at present by which 
one can stop the proteinuria 01 stimulate pio- 
duction of plasma protein so that the plasma 
protein concentration will rise sufficiently to 
eliminate the edema 

Admimstiation of acacia m the treatment of 
nephrotic edema was first reported by Haitmann 
m 1933 1 Since that tune, many clinical reports 
have appeared, and much experimental woik 
has been done on this subject For the most pait 
these repoits have been unfavorable, with the 
result that acacia is not used extensively m the 
treatment of nephrotic edema The opposition to 
the use of acacia is based on the following obser- 
vations 

1 Cases have been repoited in which there 
nas no significant l eduction of edema m spile of 
large doses of acacia 2 

2 When acacia is administered, theie is almost 
invariably fuither reduction in the plasma piotein 
concentration 3 

3 In some patients tenderness and enlaigement 
of the liver follow repeated injections of laige 
doses of acacia 2 

From the Departments of Medicine and Biochemistry, 
Howard University School of Medicine and Freedmen’s 
Hospital 

1 Hartmann, A F , Senn, M J E , Nelson, M V, 
and Perley, A M The Use of Acacia in the Treatment 
of Edema, JAMA 100 251 (Jan 28) 1933 

2 (a) Dick, M W , Warweg, E , and Andersch, M 

Acacia in the Treatment of Nephrosis, J A M A iOS 
654 (Aug 31) 1935 ( b ) Faulkenstein, D F, and Jack- 

son, R L Acacia Therapy in a Child with Nephrosis, J 
Pediat 16 700, 1940 

3 (a) Yuile, C L, and Knutti, R E Blood Plasma 
Proteins as Influenced by Intravenous Injection of Gum 
Acacia, J Exper Med 70 605, 1939 Goudsimt, A , Jr , 
Binger, M W , and Power, M H Acacia m the Treat- 
ment of the Nephrotic Syndrome, Arch Int: Med 68 
701 (Oct ) 1941 Dick, Warweg and Andersch 2a 
Faulkenstein and Jackson 2b 


4 In postmortem studies of patients 1 and in 
expenmental studies on dogs, 5 large deposits of 
acacia have been recovered m the livers This 
and the two preceding observations have led to 
the opinion that acacia causes serious hepatic 
damage and therefore should not be used in the 
treatment of nephrotic edema 

In spite of these observations, the use of acacia 
m the treatment of nephrotic edema has recently 
been levived by Goudsmit and Bmgei c Their 
repoits seemed sufficiently encouraging to justify 
fui ther clinical study. 

The data to be reported here indicate that 
acacia, when combined with mercurophylhne in- 
jection, is an effective means of treating nephrotic 
edema, even when other recognized methods 
of treatment have failed Further, some of the 
objections to acacia therapy aie shown to be un- 
justified 

MATERIALS AND METHODS 

The acacia 7 used in this study was dissolved in dis- 
tilled water and injected intravenously by the Murphy 
drip method at a concentration of 15 to 20 per cent 
Determinations of plasma volume were made by using 
Congo red according to the method of Keith, Rowntree 
and Geraghty as modified by Harris 8 Hematocrit 
studies were done by the method of Wintrobe 0 The 
amounts of acacia in plasma and in urine were determined 
by the method of Butt, Power and Keys 10 The acacia 
content of tissues was determined by the same method 
after extraction of the triturated tissues with hot dis- 
tilled water The prothrombin time was measured by 


4 (a) Andersch, M , and Gibson, R B Studies on 
the Effect of Intravenous Injections of Colloids, J Phar- 
macol & Exper Therap 52 390, 1934 ( b ) Dick, War- 

weg and Andersch 2a Faulkenstein and Jackson 2b 

5 Yuile and Knutti Sa Andersch and Gibson 4a 

6 Goudsmit, A, Jr, and Binger, M W Treatment 
of Nephrotic Edema, JAMA 114 2515 (June 29) 
1940 

7 The acacia used m these experiments was supplied 
by Eli Lilly and Company 

8 Osgood, E E Congo Red Test, m A Textbook 
of Laboratory Diagnosis, ed 3, Philadelphia, The Blakis- 
ton Company, 1940, p 413 

9 Wintrobe, M M Clinical Hematology, Phila- 
delphia, Lea & Febiger, 1942 

10 Butt, H R , Power, M H , and Keys, A Con- 
centration of Acacia m the Serum, Its Rate of Excretion 
and Its Effect on the Colloid Osmotic Pressure Follow- 
ing Intravenous Injection in Cases of Cirrhosis of the 
Liver, J Lab & Clin Med 24 690, 1939 
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the Quick method 11 The total plasma protein was 
determined by the Kjeldahl method and by direct ncss- 
lerization The plasma albumin was determined by the 
same method after treatment with 22 S per cent sodium 
sulfate to remove the plasma globulins The mercuro- 
phylline injection 12 was given in distilled water intra- 
venously 

OBSERVATIONS 

Nine patients with chionic glomerulonephritis, 
hypoproteinemia and pioteinuria and 1 patient 
with hyperpi oteinemia were given acacia mtra- 


Table 1 — Effect of Intiavcnous Injections of Acacia 
on Plasma Protein Concentration 
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venously on several occasions Observations 
were made in order to study the effect of injec- 
tion of acacia on plasma protein concentration, 
changes m plasma volume, excretion of acacia, 
edema and proteinuria 

Table 1 summarizes the effect of the acacia 
on the plasma protein concentration in 8 of the 
patients In all patients studied an immediate 
reduction in the plasma protein concentration 
was observed This reduction was demonstrable 
at any period between eight and twenty-foui 
hours after the injection of acacia After about 
seventy-two hours the plasma protein concen- 
tiation showed a slow but progressive rise toward 
the initial level 

This type of reduction in plasma protein con- 
centration has been previously reported and is 
cited as one of the major contraindications of 
acacia therapy for patients whose concentration 
is already below the critical level Some authors 

11 Kracke, R R, and Parker, E P Textbook of 
Clinical Pathology, ed 2, Baltimore, Williams & Wil- 
kins Company, 1940, p 142 

12 The preparation used was Mercupurin, supplied by 
Campbell Products, Inc 


have interpreted this as evidence of hepatic dam- 
age Certain of our data indicate that most of 
this depression in plasma protein can be explained 
on the basis of an increase in plasma volume 
incident to the hydrophilic effect of the circu- 
lating acacia 

Simultaneous changes in the hematocrit read- 
ing and in the plasma protein concentration were 
measured From these data we have calculated 
the predicted depression in plasma protein con- 
centration as a result of the increased plasma 
volume The correlation between the observed 
and the predicted depression in plasma protein is 
shown in table 2 This correlation is sufficiently 
close to indicate that the depression of the plasma 
protein concentration observed after injection of 
acacia can be satisfactorily explained on the basis 
of dilution, which is brought about by the influx 
of fluid from the edematous tissues into the cir- 
culation 

The actual plasma volume was measured with 
congo red in case 8, listed in table 1 The con- 
tiol plasma volume in this case was 2,530 cc 
Twenty-four hours after the injection of 120 Gm 
of acacia, this patient’s plasma volume v r as 3,570 


Tabie 2 — Correlation Between Observed and Predicted 
Concentration of Plasma Protein 
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* Hemntocrit I — Hcmntocrit n 

X 100 

Hematocrit II 

t Control PInsmn Vol x Control Plasma Protein, 
ume, % Gm /100 Cc 

Control Plasma Volume, % + Percentage Increase 

cc This increase of 38 per cent compai es favoi - 
ably with the 36 pei cent increase calculated bj 
the changes m the hematocrit reading Several 
days later the study was repeated on this patient 
The control plasma volume v r as 3,081 cc Twent) - 
four hours after the injection of 90 Gm of acacia 
his plasma volume was 3,742 cc This represents 
an increase of 21 per cent, as compared with an 
increase of 19 per cent calculated by the changes 
in the hematocrit reading The clearance of 
congo red was normal m this patient, 69 per cent 
of the dye remaining in the plasma at the end of 
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one hour 18 Seveial attempts were made to mea- 
sure the increase m plasma volume by the spec- 
troscopic method using Evans blue Because of 
the hyperlipemia piesent m association with the 
hypoprotemenua, measurement of the plasma vol- 
ume was unsuccessful by this method 


necessary to assume that hepatic damage plays 
an important role m this depression It is of 
intei est that no patient in our series showed 
symptoms or signs of hepatomegaly 

Successful elimination of edema has been of 
gi eat value to our patients It has been especially 



Chart 1 — Fluid balance m nephrosis , effects of acacia and mercurophyllme The solid line indicates bod; 
weight, the broken line acacia level in the plasma and the solid blocks urinary volume 



Chart 2 — Fluid balance in nephrosis, effects of acacia and mercurophyllme The patient was a woman 25 
years old The initial value for total protein was 4 30 Gm per hundred cubic centimeters The solid line indicates 
body weight, the broken line acacia level m the plasma and the solid blocks urinary volume 


Since the increase m plasma volume is sufficient 
to explain the changes m the plasma protein 
concentration after injection of acacia, it is un- 

13 Taran, A , and Eckstein, A Standardization of 
Congo Red Test for Amyloidosis, Am J M Sc 203* 
246, 1942 


valuable to the patients with massive edema, who 
within from ten days to two -weeks are changed 
from waterlogged, bedridden patients to ambu- 
latory ones, able to leturn home and resume 
most of their ordinary daily activities Chart 1 
illustrates these results The patient whose course 
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is outlined was a schoolgirl who had been ob- 
seived foi seveial weeks m the hospital while 
she was on a legnnen of a high piotem, low salt 
diet and lestiicted intake of fluids She showed 
no tendency to lose her edema during this penod 

When treatment with acacia and meictuophyl- 
hne was staited, theie was an immediate and 
progressive loss of edema fluid, so that in f oui teen 
days this patient lost 31 pounds (14 Kg ) of 
watei At that time she became essentially fiee 
of edema, although hei plasma piotein concen- 
tration was 3 98 Gin per hundred cubic centi- 
meters This patient has had no lecuirence of 
edema to the time of this writing, aftei twelve 
months’ observation 

Chart 2 is another demonstration of the effec- 
tiveness of tieatment with acacia and meicuro- 
phylhne The patient whose couise is described 
had been treated m the hospital for several 
months with a high piotem, low salt diet and 


Table 3 — Effects of Intravenous Injections of Acacia 
and Mel cm ophyPhnc on Body IF eight 
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with various diuretics, including acidifying salts 
and mercurophyllme She was also given laige 
doses of nephntin (a prepaiation of fresh kidney 
substance containing hormones thought to be 
associated with conti ol of renal function and 
metabolism) without significant reduction of the 
edema fluid She lost 38 pounds (17 Kg) of 
water within sixteen days aftei the treatment 
with acacia and mercurophyllme was started At 
that time her plasma piotem concentration was 
3 94 Gm per hundred cubic centuneteis About 
one month later she again gamed about 10 pounds 
(4 5 Kg ) additional edema fluid after an infection 
of the respiratory tract She was given two sub- 
sequent treatments, after which she became free 
of edema and remained so 

Table 3 shows the effects of acacia and niei- 
curophyllme on the edema of all the patients m 
our series The loss of edema after this tieat- 
ment was satisfactory in all the adult patients 
(cases 1 through 6) It appears certain that 
these patients would not have lost their edema 
had the acacia not been followed immediately by 
the mercurophyllme This fact is demonstrated 


m charts 1 and 2 Not only did these patients 
show no loss in edema, but there was a general 
tendency foi the body weight to increase when 
acacia alone was admimsteied This increase 
occuiied m spite of the obvious mobilization of 
watei by the acacia, demonstrated by the reduc- 
tion in the hematocnt reading Dmiesis was 
immediate and persistent, however, as soon as 
the mercurophyllme was given That the mercuro- 
phylhne alone was not the effective agent was 
demonstiated by the administration of mercuro- 
phylhne befoie acacia was given 

Mercurophyllme alone usually lesulted m a 
moderate diuresis, but there was no persistent 
loss of weight A typical example is seen m 
chart I Here it is seen that the total effect of 
the mercurophyllme alone was a slight gain in 
body weight It appears, therefore, that even 
though acacia mobilizes fluid, thus increasing the 
plasma volume, a stimulus to renal excretion is 
necessary m order to effect diuresis 
The lack of improvement of the 3 children 
studied, as conti astcd with improvement of the 
adults, was striking I H and C G (cases 
7 and 8) had little edema initially A slight loss 
of edema occurred m these patients, but a recur- 
rence of edema developed after their discharge 
from the hospital D D (case 9) shoved not 
even temporary loss of edema, even though his 
edema and ascites were massive 

Since this paper was submitted for publication, 
1 other patient has been studied She is a 14 
yeai old girl Six weeks prior to her hospitaliza- 
tion, generalized edema and massive proteinuria 
developed At the tune of her admission, hei 
plasma pi otem concentration v as 41 Gm per 
hundred cubic centuneteis She was treated with 
a high piotein, lov r salt diet During the course 
of thirty days she u r as given a total of 4 liters of 
w hole blood and 25 Gm of scrum albumin in an 
attempt to laise the plasma proteins and reduce 
the edema As can be seen fiom chart 3, theie 
v r as a progressive mci ease in body v eight 
Her edema and ascites became exti erne With- 
in a period of five days after ti eatment with acacia 
and meicuiophylhne v r as started, this patient lost 
29 pounds (13 Ivg ) of watei, and she has been 
fiee of edema to the time of this writing The 
proteinuria has continued 
The plasma acacia w r as measured for all 
patients In general, the peicntage of increase 
m plasma volume v r as proportional to the quan- 
tity of acacia injected per kilogram of body weight 
As seen in table 1, the plasma acacia vaned from 
1 to 2 7 Gm pei hundi ed cubic centimeters 
There w^as & gradual decrease in the plasma 
acacia aftei the first two days Howevei, small 
quantities of acacia v r ere still demonstrable in 
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the plasma for seveial months after the last ad- 
ministration 

The Uimaiy Exaction of Acacia — The ex- 
cretion of acacia m the mine was determined 
for most of our patients By some, measurable 
amounts of acacia weie continuously excreted 
twenty to thirty days after the last injection 
Fiom 1 patient 38 per cent of the 135 Gm in- 
jected was lecovered m the urine m a thirty day 
collection period The fact that on the average 
about 1 Gm per day was still being lecovered at 
the end of the collection period suggests that a 
much larger peicentage of acacia might have been 
lecovered had the period of collection been ex- 
tended 

On the other hand, 1 of the patients most 
severely ill showed a progressive deciease m the 
ui inary excretion of acacia during a collection 


a given patient, however, was relatively umfonn 
Comparison of the total protein excreted m the 
urine m four day periods showed no consistent 
changes m the control penod or m the penod 
during which mercui ophylhne and acacia were 
administered 

Complications of Acacia Theiapy — The most 
common complications of the treatment weie a 
mild fever and, occasionally, a chill Some of the 
patients vomited several times after the injection 
was completed This type of reaction was mini- 
mized and sometimes apparently prevented by 
the administration of acetylsalicylic acid and 
ephedrme when the tieatment was started 

In 1 patient (case 3) epistaxis developed after 
treatment on two occasions At the time of 
the epistaxis his prothrombin time was 58 
pei cent of normal The epistaxis stopped 



Chart 3 — Fluid balance in nephrosis, effects of blood transfusions, mercurophylhne and acacia The solid 
line indicates body weight, each long arrow indicates a transfusion of 500 cc of whole blood, and the broken line 


shortly after the intramuscular administration of 
a synthetic vitamin K pieparation 13a The pro- j 
thiombm time showed a diop of 10 pei cent to j 
25 pei cent m seveial other patients for whom t 
this determination was made before and after m- * 
jectjpn of acacia However, there were no ' 
hemorrhagic manifestations m any of the other , 
patients These were the only complications ob- 
served during the course of these experiments 

Distubuhon of Acacia in Body Tissues — One 1 
patient who had hypoprotememia and edema as 
a complication of a chronic inflammatory effusion 
of the pleural and, peritoneal cavities was ti eated 
with acacia He died fifty days after the injec- 
tion of 120 Gm of acacia The distribution of* 

13a The preparation used was Synhaywte, a water- 
soluble naphthohydroquinone with pronounced \ itamm 
K activity, the sodium salt of 2-methyl-l, 4-naphthohjdro- 
qumone diphosphoric acid ester 


indicates the total plasma protein concentration 

period of fifteen days, so that after twelve days 
no acacia was found m the urine for the remainder 
of the penod For both of the patients cited the 
clinical results were excellent In neither was 
there a parallel change m the urmaty excretion 


Table 4 — Uimaiy Excretion of Acacia After 
Intravenous Injection 


Case 

Acacia 

Injected, 

Gm 

Acacia 

Recovered, 

Gm 

Recovcryi 

Percentage 

Period of 
Collection, 
Days 

M V 

135 

50 8 

38 

30 

J W 

DO 
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12 

12 

M J 

90 

12 6 

14 

15 

I H 

80 

8 8 

11 

11 

W C 

120 

06 

55 

10 


of protein Table 4 summarizes the data on the 
urinary excretion of acacia 

The degiee of piotemuiia varied considerably 
among the patients studied The magnitude for 
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acacia found m his tissues and bile are listed in 
table 5 

COMMENT 

That acacia is a useful drug m the treatment 
of resistant nephrotic edema seems unquestion- 
able The major objection to acacia, namely, 
its effect on the plasma proteins and on the liver, 
bears careful Analysis There seems no doubt that 


Table 5 — Distribution of Acacia in Body Tissues (T ifty) 
Days After Intravenous Injection 
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if sufficiently large doses of acacia are adminis- 
tered they may produce undesirable effects The 
same as true, however, of almost any drug 
The rapidity with which the plasma protein con- 
centration drops after injection of acacia seems 
to eliminate damage to the liver as its primary 
cause Other forms of acute hepatic damage do 
not cause such rapid depression m protein con- 
centration When these facts are considered m 
connection with the decided increase in plasma 
volume incident to injection of acacia, it seems 
almost certain that this depression in plasma 
protein is primarily the result of dilution The 
point of view that acacia m the liver inhibits 


Table 6 — Regeneration of Plasma Pioteins 
After Acacia 
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regeneration of plasma protein has not been 
established The fact that m some nephritic 
patients plasma proteins are not built up to nor- 
mal levels for many weeks after acacia therapy 
cannot be admitted as proof, since one often can 
make the same observation concerning nephritic 
patients who have never received acacia therapy 
Further, in some patients plasma proteins are 
regenerated rapidly even after acacia therapy 


Such an example is illustrated by table 6, con- 
cerning V W (case 3 in our series) 

It is of interest to note the quantities of acacia 
given in the reported experiments m which 
patients were found to have enlarged tender 
livers and in the experiments on dogs m which 
the livers were four to five times normal swe 
The patient reported by Faulkenstem and Jack- 
son 2b received 70S Gm of acacia, which was 
equivalent to 24 5 Gm per kilogram of bod) 
weight In the experiments on dogs reported by 
Yulie and Knutti, 3-1 the animals received from 
28 to 41 Gm of acacia per kilogram of body 
weight The quantity of acacia given m oui series 
varied from 1 45 to 5 94 Gm per kilogram, w ith 
an average of 3 18 Gm per kilogram of bod\ 
weight There seems to be no necessity for the 
administration of such enormous quantities of 
acacia as 20 to 40 Gm per kilogram of bodi 
weight m the treatment of nephrotic edema It 

I or 2 Gm of acacia per kilogram are injected 
one should obtain a significant increase in the 
plasma volume A diuretic such as mcrcuroplnl- 
hne should then be administered This procedure 
can be repeated several times if necessary If no 
persistent reduction in the edema fluid occurs 
after that amount of acacia, there appears to be 
no assurance that further acacia therap}' will be 
beneficial 

Some of the failuies of acacia therap) m 
nephrotic edema reported in the literature were 
undoubtedly due to the fact that the mobilization 
of water by acacia was not a sufficient stimulus 
m itself to cause diuresis This fact was re- 
peatedly demonstrated in our experiments The 
reason for this result is not clear Although 
the nephrotic kidney handles chloride essentialh 
in the same way as does the normal one, 14 the 
exact relation between renal damage in glomeru- 
lonephritis and retention of salt and w^ater is still 
obscure 15 The edema fluid in persons with 
nephrosis is essentially a colloid-free filtrate of 
plasma 10 As acacia mobilizes this edema fluid 
thus increasing the plasma volume, it appeals 
certain that the associated sodium is simulta- 
neously mobilized and presented to the kidney 
However, because of the composition of the 
edema fluid, there need be no change m the con- 
centration of sodium and chloride in the plasma 
after acacia is administered It may be true that 

14 Loeb, R F , Atchley, D W , Richards, D \V 
Jr , Benedict, E M , and Driscoll, M E On the 
Mechanism of Nephrotic Edema, J Clin Investigation 

II 621, 1932 

15 Peters, J P , Salt and Water Metabolism m 
Nephritis, Medicine 11 435, 1932 

16 Loeb and others 14 Peters 15 



JOHNSON-NEWMAN— ACACIA INTRAVENOUSLY 


1 73 


the blood volume in patients with nephrotic edema 
is more nearly normal after mobilization of watei 
by acacia than before, so that hypervolemia need 
not actually occur In this event an additional 
stimulus such as mercui ophylhne might be neces- 
sary for diuresis Decreased blood volume m 
patients with stabilized or mci easing nephrotic 
edema has been reported as characteristic 17 The 
patients m this senes for whom the blood volume 
was measured showed values as much as 24 pei 
cent below that expected for their ideal weight 
(Gibson and Evans ) 18 i 

The ineffectiveness of acacia and mercurophyl- 
hne m the treatment of nephrotic children as 
contrasted with the effectiveness m treatment of 
nephrotic adults m this group of patients is un- 
explained 

CONCLUSIONS 

The clinical and physiologic effects of the mtia- 
venous injection of acacia have been studied on 
8 patients with the nephrotic syndrome of chronic 

17 Waterfield, R L Changes m Blood Volume m 
Patients with Edema of Renal Origin, J Clin Investiga- 
tion 9 589, 1931 McClure, W B , deTakats, C B, 
and Hmman, W F Mechanism of Edema of the 
Renal Type, Arch Int Med 51 819 (June) 1933 

18 Gibson, J G , and Evans, W A The Relation 
of Plasma and Total Blood Volume to Venous Pressure, 
Blood Velocity Rate, Physical Measurements, Age and 
Sex in Ninety Normal Humans, J Clin Investigation 
16 317, 1937 


glomerular nephritis, on 1 patient with hypeipio- 
temenua and on 1 patient with hypoprotememia 
and edema complicating a chronic polyseiositis 
A simultaneous l eduction in the plasma pro- 
tein concentration and in the hematocrit reading 
was constantly observed after the injection of 
acacia By means of the changes in the hematoci it 
reading, the degiee of depiession of the plasma 
protein concentration was predicted This pie- 
dicted depiession showed close correlation with 
the observed depi ession The reduction m plasma 
protein concentration, therefore, is consideied to 
be primarily the result of an mciease m plasma 
volume at the expense of the edema fluid, incident 
to the hydrophilic effect of the circulating acacia 
No evidence was found to indicate that the 
injected acacia inhibited regeneiation of plasma 
protein No serious complications were observed 
Concentrations of acacia in the tissues of 1 
patient who died fifty days aftei injection of 
acacia were studied The greatest concenti ations 
were found in the liver and m the spleen 

No beneficial effect was observed from the use 
of this therapy on the children studied m this 
series 

Intravenous injections of acacia, when followed 
by mercurophylhne injection, pioved a valuable 
aid m eliminating nepluotic edema in the adult 
patients studied 
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The concept of lymphogranuloma venereum 
as a systemic infection lather than a local one 
is of fairly recent origin Beginning with the 
report of Durant, Nicholas and Favre 1 in 1913, 
evidence has accumulated in support of this 
view Van Rooyen and Rhodes 2 stated that, 
m addition to the more frequent involvement of 
genitalia and regional lymph glands, lympho- 
granuloma venereum may manifest itself by in- 
volvement of the throat, with inflammation of 
the tonsils, ulcerations oi angina, by fever, with 
headaches and other pyrexial disturbances, by 
cutaneous rashes, by vanous forms of articulai 
involvement, by geneiahzed involvement of the 
lymph nodes, with splenomegaly and hepato- 
megaly, by granulomatous conjunctivitis, by 
epididymitis and by meningoencephalitis In 
1936 von Haam and D’Aunoy 3 repoited the 
isolation of the virus from the spinal fluid of 2 
patients during the acute stage of the infection, 
when the cerebral manifestations consisted 
mainly of headaches Raj am 4 repoited a case 
of lymphogranuloma venereum in which death 
from meningoencephalitis occuned aftei sui- 
gical intervention on the buboes Sabin and 
Aring 5 isolated the virus from the spinal fluid 
of a patient showing pionounced ceiebial 
changes and also from the inguinal lymph node 
six weeks aftei the onset of the acute phase of 

1 Durant, Nicholas and Favre Lymphogranuloma- 
tose inguinale subaigne, d’origine genitale probable, 
pent-etre venenenne, Bull Soc med d’hop Umversi- 
taires de Quebec 35 274-288, 1913 

2 Van Rooyen, C E , and Rhodes, A J Virus 
Diseases of Man, London, Oxford University Press, 
1940, pp 176-196 

3 von Haam, E, and D’Aunoy, R Infectivity ol 
Spinal Fluid in Lymphogranuloma Inguinale, J A 
M A 106 1642-1643 (May 9) 1936 

4 Raj am, R V Report of Fatal Case of Lympho- 
granuloma Inguinale from Meningoencephalitis, Brit 
J Ven Dis 12 237-241, 1936 

5 Sabin, A B , and Aring, C D Meningoen- 
cephalitis in Man Caused by Virus of Lymphogranu- 
loma Venereum, JAMA 120 1376-1381 (Dec 
26) 1942 


the illness They also found furthei proof, in 
complement fixation studies, of the etiologic rela- 
tion of the virus to the illness encountered 
Zarafonetis 0 published a report of 2 cases, m 
1 of which the virus was isolated from the 
inguinal lymph node five months after the onset 
of the illness and the serum was found to fix' 
the complement Of interest in this case, also, 
was the colloidal gold curve, which showed a 
peisistent, strongly positive first zone reaction 

In the case to be presented m this paper an 
attempt was made to isolate the virus from blood, 
from spinal fluid and from the originally in- 
volved inguinal lymph nodes Numerous serial 
inti acerebral passages in mice were tried with 
both the spinal fluid and the blood but without 
success in recovering the virus The specimen 
of serum, however, was found to fix the com- 
plement m significant dilution with lympho- 
granuloma venereum antigen as well as with 
psittacosis antigen, and fixation of complement 
was also obtained with spinal fluid Also of 
mteiest in this case is the colloidal gold cuive 
which is similar to that shown in the case re- 
poited by Zarafonetis 0 , that is, tlieie is a 
stiongly positive first zone reaction 

RcroRi or a evsn 

V P, a 21 jear old white man, was admitted to 
the United States Marine Hospital Chicago, on Aug 
9, 1944, with the chief complaint of “double vision ’ 
At that tune he stated he had been m good health 
until January, when bilateral buboes developed These 
were incised, and he was given sulfonamide compounds, 
with an apparently uneventful recover} In April, 
after he had had sexual contact with a “dark-skmned” 
Puerto Rican girl, swelling of the inguinal lymph nodes 
again developed bilaterally This was followed within 
a week to ten days by the gradual development of 
headache and malaise followed by chilly sensations and 
fever The headache became progressively more severe, 
and he noticed twitching of the muscles of his face 
On May 9 he was admitted to the United States Marine 
Hospital, Boston Physical examination at that time 

6 Zarafonetis, C J D Meningoencephalitis m 
Lymphogranuloma Venereum, New England J Med 
230 567-573, 1944 
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showed twitching of the muscles of the entire face, a few 
small palpable lymph nodes in the neck, bilateral inguinal 
scars from previous buboes and, on either side, a firm 
inguinal lymph node about the size of a hickory nut 
There were no penile lesions There was no stiffness 
of the neck and no Kermg sign A tentative diagnosis 
of mentngococcic meningitis was made The spinal 
fluid showed 250 cells, mostly lymphocytes, the pres- 
sure was 150 mm of water and the fluid clear Cul- 
ture of the spinal fluid showed no growth Values for 
proteins and chlorides m the spinal fluid were normal 


Table 1 — Summary of Results of Examinations of the 
Spinal Fluid Dating June 1944 
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Color 
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44 

80 
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40 

47 
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Ceil count 
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106 

62 

40 

£5 

leukocytes 
Mononuclear leuko 

70 

25 

0 

0 

12 

cytes 

Rytz rcnction 
Wassermann reaction 
Colloidal gold curve 
Red blood cells 

30 

Negative 

Negative 

Negative 

0 

70 

100 

100 

88 

Growth in culture 

None 

None 

None 

None 

None 

Growth in smear 

None 

None 

None 


None 


Results of urinalysis and of studies of the blood during this 
same time were essentially normal, Wassermnnn and Kline 
reactions of the blood were negative 


Wassermann and Davies-Hmton reactions of the blood 
were negative Culture of the blood showed no growth 
The Frei test elicited a positive reaction The blood 
count was essentially normal Under treatment with 
sulfadiazine, the temperature returned to normal within 
three days However, there were several recurrences 
of fever during his stay in the hospital At the time 
of his discharge on May 29, he appeared to have 
recovered 

After leaving the Boston Marine Hospital, the pa- 
tient went to Minneapolis, where on June 5 there was 
a recurrence of the intense headache and vomiting He 
entered a hospital on that date, and a diagnosis was 
made of recurrent menmgococcic meningitis, based on 
clinical findings Numerous spinal taps were performed, 
the results of which, along with other laboratory data, 
are summarized m table 1 

He was again treated with sulfonamide drugs and 
became asymptomatic and was discharged on June 26 
He had remained at home about one week when a 
stiff neck, headache and vomiting developed and he 
was hospitalized at another hospital, where he was 
again given a course of sulfonamide drugs, with prompt 
symptomatic recovery One week later he had a sim- 
ilar attack and returned to the hospital His complaints 
on this admission were intermittent headaches and 
stiffness m the back of his neck and m his back He 
was said at times to become noisy, moaning and crying 
It was reported by the eye, ear, nose and throat con- 
sultant that the patient had an involvement of the third 
cranial nerve, with diplopia, and some bilateral papill- 
edema Results of examination of the spinal fluid were 
reported as follows Kline reaction positive (2 plus), 


Kolmer-Wassermann reaction negative, Nonne reaction 
positive, fluid cloudy, smear negative for bacteria, cells 
6 and colloidal gold curve 5555543211 He again became 
asymptomatic after the administration of sulfonamide 
drugs and was discharged to report to the United 
States Marine Hospital, Chicago, for further observa- 
tion and treatment 

Physical examination at the time of his admission to 
the Chicago Marine Hospital showed the head to be 
normal The pupils were equal and regular and reacted 
to light and in accommodation, the scleras were clear, 
there was no demonstrable muscular imbalance and no 
nystagmus or lid lag, and the fundi appeared to be 
within normal limits The neck was freely flexible 
No enlarged nodes were noted There were bilateral 
inguinal scars with small hard inguinal lymph nodes 
palpable bilaterally Reflexes and other neurologic 
signs were normal throughout, with the exception 
of a questionable Babinslci reflex on the right There 
was noted a slight hesitancy of speech, which the pa- 
tient stated had not been present prior to his illness 
Laboratory studies showed normal urme There were 
5,100,000 red blood cells, 146 Gm of hemoglobin, 5,600 
white cells, 38 per cent lymphocytes, 5 per cent mono- 
cytes, 2 per cent eosinophils, 50 per cent neutrophils 
and 5 per cent stab forms The Wassermann and 
Kahn reactions of the blood for syphilis were negative 
In the blood, the total protein was 7 15 Gm per hun- 
dred cubic centimeters, albumin 3 6 Gm and globulin 
3 5 Gm Cultures of nasopharyngeal materials showed 
no growth of meningococci A spinal puncture per- 
formed on August 12 revealed a total cell count of 
91, with 96 per cent monocytes and 4 per cent poly- 
morphonuclear leukocytes The Bandy reaction was 
positive (4 plus) Culture of the spinal fluid showed 
no growth, and the Kahn and the quantitative Kolmer- 
Wassermann reactions were negative in all dilutions 
The total protein was 156 mg per hundred cubic cen- 
timeters, chlorides 620 mg and sugar 60 mg, and the 
colloidal gold curve was 5555543100 On August 26 
a second spinal puncture was done, and the report 
showed a 4 plus Pandy reaction, a cell count of 4, 


Table 2 — Summed y of Results of Examinations of the 
Spinal Fluid in Chicago Mamie Hospital 



8/11/44 

8/26/44 

U/17/44 

Cell count 

90% 

4 Mononuclear 

0 


Mononuclear leukocytes 
leukocytes, 
i% polymor 
phonuclear 
leukocytes 


Pandy reaction 

4 plus 4 plus 

Trace 

Growth in smear 

None 

None 

Growth in culture 

None 

hone 

Kahn reaction 

Negative 


Quantitative Kolmer- 
Wassermann reaction 

Negative Negative 

Negative 

Total protein 

150 mg /lOOcc Olmg /lOOcc 


Chlorides 

620 mg / lOOcc 


Sugar 

00 mg / lOOcc 


Colloidal gold curve 

5555543100 5543510000 

554211000 


with monocytes predominating, a negative quantitative 
Kolmer reaction, 61 mg of total protein and a colloidal 
gold curve of 5543510000 A specimen of this fluid, > 
together with a sample of blood, was sent to Dr John 
L White at the laboratory of the Chicago Health 
Department for complement fixation tests for lympho- 
granuloma venereum The complement was fixed with 
both the blood and the spinal fluid The Frei test 
elicited a 1 plus positive reaction, but the control test 
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showed a positive reaction of about the same degree 
The results of the tests made at this time aie summar- 
ized in table 2 

On August 29 the patient suffered a lecurrence of 
his former symptoms, complaining of severe headache, 
diplopia, stiff neck and vomiting Treatment with 
sulfadiazine was started, with prompt symptomatic lm- 
piovement The diug was continued at the rale of 
1 Gm every four hours, day and night, for a period 
of one week and then four times a day for five weeks 
On September 2 specimens of blood, serum and spinal 
fluid were submitted to the National Institute of Health 
for virus and complement fixation studies The virus 
was not isolated Complement fixation was confirma- 
tory A second specimen of spinal fluid was sent to 
Dr White at the Chicago Health Department on Octo- 
ber 23, and again a complement fixation for lympho- 
granuloma venereum was reported Efforts to isolate 
the virus from the excised inguinal Ijmph node were 
unsuccessful Microscopic studies of this node showed 
a chronic, nonspecific fibrous lymphadenitis 

On October 25 the patient, at that time being entirely 
asymptomatic, was discharged to the status of an out- 
patient He was seen again on November 14, when 
he stated that he felt entirelv well and lnd had no 
recurrences of any sort A spinal puncture w f as per- 
formed on that date, and the report u'as as follows 
The quantitative Kolmer reaction was negatnc in all 
dilutions , no cells were found , there was a trace of 
a Pandy reaction, and the colloidal gold curve was 
5542211000 

COMMENT 

A review of the literature reveals 6 previously 
leported cases of meningoencephalitis pre- 
sumably due to the virus of lymphogianuloma 
venereum The virus itself was isolated m 4 
of these cases — m 3 from the spinal fluid and 
m 1 from an inguinal lymph node only Furthei 
confirmation was obtained in 2 of these cases 
by complement fixation studies of the serum 

In the case presented m this paper the virus 
was not isolated This failure to isolate the 
virus may have been due in part to the length 
of time elapsed before this study was attempted 
and also to the considerable amount of treat- 
ment with the sulfonamide drugs which this man 
had previously received Virus studies were 
performed by Dr Doilund J Davis, of the Na- 
tional Institute of Health, Bethesda, Md Dr 
Davis reported that numeious senal mtiacerebral 
passages m mice were tried with both the spinal 
fluid and the blood but without the recovery 
of any specific virus The specimen of serum, 
however, showed complement fixation m sig- 
nificant dilution with lymphogranuloma vene- 
leum antigen, as well as with psittacosis antigen 
The report of the microscopic examination 
of the excised inguinal lymph node stated that 
the capsule was thickened and fibrosed Fibrous 
bands extended fiom the capsule and penetrated 
: into the cortex Within the medulla there were 


also thick fibious deposits The follicles were 
obvious and weie composed primarily of small 
lymphocytes Reticulum cells were i datively 
spaise Fibroblastic activity m the follicles was 
piescnt within the medulla Reticulum cells 
w'eie mci eased in number Blood vessels weic 
thickened No indications remained that theie 
was a specific infection 

Isolation and identification of the virus is too 
elaboiate and slow' a piocedure to use routinely 
for diagnostic pui poses It is necessary, there- 
fore, to depend on some other procedure for 
laboiatoiy confix mation The complement fixa- 
tion test thus becomes a valuable aid in eaily 
diagnosis of infections with the virus of the 
lymphogranuloma-psittacosis group Differen- 
tiation between these conditions must depend on 
clinical observations, since with the antigens now 
available it is not possible to differentiate these 
closely related viruses Employment of the com- 
plement fixation test on spinal fluid m this con- 
dition has not previously been reported, and 
this study was facilitated by the use of this 
procedure by Dr John L White, of the laboia- 
tones of the Chicago Health Department 

The value of the Frei test as a diagnostic aid 
is questionable Although the original test per- 
formed in Boston w'as leported to have elicited 
a positive reaction, a subsequent test in this hos- 
pital w'as doubtful, and there have been many 
instances of negative reactions to Frei tests in 
which the clinical evidence w r as ovei whelmmgly 
in favor of lymphogianuloma venereum In the 
case reported by r Zarafonetis, 0 the reaction to the 
Fiei test w'as negative at the time the urus w'as 
recovered from an excised lymph node, although 
it subsequently became positive 

The Jesuits of examinations of the spinal fluid 
in this case are of interest, but, with the exception 
of the complement fixation, not diagnostically 
specific The colloidal gold ctuve w'as persis- 
tently of the fiist zone, dementia paralytica ty'pe 
and the total protein was slightly' increased (156 
mg per hundied cubic centimeters) These ob- 
servations resemble those m the case reported by' 
Zarafonetis, 0 but the values are less extreme 
Foi one specimen the Kline reaction w r as reported 
2 plus positive, but for all subsequent specimens 
this, as well as all other leactions foi syphilis, 
w'as negative 

The response of this condition to sulfonamide 
therapy appeared to be satisfactoiy With each 
of his attacks the patient promptly became 
asymptomatic on institution of this treatment 
The recurrences are believed due to the fact that 
the drug W'as not continued over a long enough 
period After a couise of tieatment with sulfa- 
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diazme lasting approximately six weeks the pa- 
tient was apparently entirely recovered It 
would appear from this case, therefore, that 
rather prolonged sulfonamide therapy is neces- 
sary to effect a cure in this condition 

summary , 

A review of the literature presented evidence 
that the virus of lymphogranuloma venereum can 
act as the causative agent in meningoencephalitis 


A case of meningoencephalitis with evidence 
incriminating this virus as the probable cause 
was observed 

The value of various laboiatory procedures 
as diagnostic aids was considered 

Treatment with the sulfonamide drugs was 
found to be effective but must be continued for 
a considerable period after the patient becomes 
asymptomatic to prevent recunence 


Book Reviews 


Clinical Heart Disease By Samuel A Levme, 
M D , F A C P Third edition Price, $6 Pp 462, 
with 157 illustrations Philadelphia W B Saunders 
Company, 1945 

The appearance of the third edition of this popular 
book is welcome indeed, for it continues to fulfil the 
need for a simple, readable account of the common 
problems of heart disease Its style is forceful and 
expresses the experiences and convictions of the author 
It demonstrates the qualities that have made him so 
excellent a clinical teacher The sections on the sur- 
gical treatment of. patent ductus arteriosus and on the 
chemotherapy, including treatment with penicillin, of 
subacute bacterial endocarditis have been amplified A 
summary of studies on the heart in scleroderma, on 
rupture of valves and on the heart in Addison’s disease 
has been added The section on electrocardiography 
has been expanded greatly, and special reference has 
been made to the precordial leads It is apparent that 
the author has followed the views of Wilson and his 
school closely in the latter development, and at times the 
reviewer feels that the subject has been made more 
complex than necessary for the average practitioner, 
for whom this book is intended The section on the 
arrhythmias continues to be lucid and valuable The 
discussion of phonocardiology is unnecessarily complex 
for the ordinary reader, and there is little purpose m 
illustrating the cardiac sound tracings 

The author is at his best when he is describing the 
clinical picture and the management of heart disease, 
drawing on his extensive experience He is less so 
when he delves into the genesis and physiologic dis- 
turbances associated with these diseases There are 
many statements in this category with which the re- 
viewer cannot agree 

This book is an outstanding contribution to the 
literature concerning heart disease, which no physician 
interested in the subject can afford to overlook 

Doctors at War Edited by Morris Fishbein, MD 
Price, $5 Pp xm + 418, with 82 illustrations 
New York E P Dutton & Co, Inc, 1945 

This book has been written by sixteen experts under 
the editorial leadership of one It describes doctors 
at war and how their different talents have been amal- 
gamated for the benefit of the nation 
The contents are particularly well organized and 
comprehensive There are chapters which outline the 
medical side of Selective Service, procurement and 
assignment, the practice of preventive medicine in the 


army and the accomplishments of the United States 
Public Health Service There are chapters which tell 
what the doctor in active service actually does in 
different theaters of operation when he is an office! 
in the army, navy or air forces There is a chapter 
which discusses the problem of convalescence and re- 
habilitation and another which deals with the Veterans’ 
Administration There are chapters which sketch the 
work of the Red Cross in making blood substances 
available to the wounded and how investigations were 
carried out under the National Research Council 
One of the most interesting features is the manner 
in which the different chapters are written Each one 
is like a presentation to a medical society, restrained, 
unemotional, clear and factual Yet any one reading 
between the lines feels the strength of American medi- 
cine, its ideals and its unselfishness 
The volume is an important one All physicians will 
take pride in such an historic document 

Patients Have Families By Henry B Richardson, 
M D , F A C P , associate professor of clinical medi- 
cine, Cornell University Medical College, attending 
physician, New York Hospital, visiting physician, 
Bellevue Hospital Cloth Price, §3 Pp 408 
New York City The Commonwealth Fund, 1945 

This work is another of the excellent contributions 
of the Commonwealth Fund and represents the recog- 
nition of a hitherto neglected difficulty It deals with 
the effect of the patient’s illness on his family It 
describes the effect of the family and the environment 
on the illness of the patient It points out the proper 
attitude of the physician and the psychiatrist in the 
solution of the problem The medical social worker 
is given a place in the picture The author points out 
the opportunity for research in the study of the family 
unit, and he gives numerous examples of professional 
technics to be used m meeting the problems 
It seems obvious that this book must produce a 
variety of reactions m its readers By the social 
worker, the psychologist and the highly specialized 
psychiatrist the book will doubtless be received as the 
finger that points toward the proper solution of the 
problem To many less sympathetic readers, the method 
will seem to perpetuate and worsen a condition that 
has grown out of a too restricted medical interest 
At any rate, the book plainly points out that the 
medical profession is confronted with a situation that it 
may well have created and which must be met Whether 
the author’s method of meeting it is the correct one 
remains for the future to decidp 
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DISEASES Or THE GASTROINTESTINAL TRACT 

Epidemic Nausea, Vomiting and Dianhea 
(Vital 01 Vvoid Dysentciy ?) — Report is 
made 140 of a widespi ead mild contagious disease 
characterized by symptoms of a deianged gas- 
trointestinal tiact Foi se\eral reasons the dis- 
ease has not attracted much medical attention 
First, like the common cold, it is mild and its 
victims are usually ambulatoi) second, its mani- 
festations are not so obvious as those of the cold, 
and, third, the symptoms, because of their natuie, 
are usually not discussed in casual conversation 
It is probably worldwide m disti lbution, and 
its mode of dissemination suggests the cause to 
be a filtrable agent which passes fiom person to 
person as in air-borne infections In tests made 
on volunteers who inhaled filtrates of garghngs 
and of stools, presumptive evidence was ob- 
tained that the causative agent is filtrable and is 
air-borne, but the experiments weie made with 
fresh matenal, by necessity during an epidemic 
period, so that final pi oof is still needed 147 The 
mere absence of a demonstrable bacterial cause 
does not prove that a virus is the cause The 
etiologic problem at present is as unsettled as 
that of viroid, or viral, pneumonia, and the 
matter of naming the disease is similarly con- 
fused It can hardly be called gastroenteritis 
without evidence of actual inflammation of the 
tract The name “epidemic nausea, vomiting and 
diarrhea” is not wholly satisfactory either, it is 
cumbersome, and one or two of the named 
symptoms may be absent in different patients 
The term “viral, or vnoid, dysenteiy” is pre- 
sented for consideration The word “dysentery” 
appropriately means difficulty with the bowel, 
and “viral or viroid” suggests a filtrable virus 
as the cause The disease would thus take its 

146 Reimann, H A , Hodges, J H , and Price, A H 
Epidemic Diarrhea, Nausea and Vomiting of Unknown 
Cause, JAMA 127 1-5 (Jan 6) 1945 

147 Reimann, H A , Price, A H , and Hodges, J H 
The Cause of Epidemic Nausea, Amounting and Diarrhea 
(Viral Djsentery ?), Proc Soc Exper Biol & Med 
59 8-9 (May) 1945 


place among the infectious diseases called bacil- 
lar)' djsentery and amebic dysenter) 

Incidentally, Rosenow, in Ins usual manner, 145 
obscures the issue by introducing a streptococcus 
“having special affinity foi the gastrointestinal 
tract” which m its filtrable form causes the 
disease 

Epidemic Jaundice, Injections Hepatitis — 
Epidemic jaundice, or infectious hepatitis, is 
called one of the new epidemic diseases of the 
ctirient war It has indeed been a serious prob- 
lem, so much so as to interfere at times with 
mihtar) operations 118 The problem of its iden- 
tity wutli various other foi ms, namely, vaccine 
jaundice or homologous seium jaundice, arseno- 
therapy jaundice and others, is still unsettled 
because of their clinical and pathologic similari- 
ties The chief diffeience is m the length of the 
incubation period, but, according to Oliphant, 149 
patients w'lio recovered fiom serum jaundice are 
immune to inoculation w ith serum from patients 
with infectious hepatitis or with icterogenic 
yellow fevei vaccine, suggesting the identity of 
these diseases Immunity lasts twelve to eighteen 
months MacCallum 150 noted jaundice m \olun- 
teeis leceiving injections of seium from patients 
wJio had postarsenotheiapy jaundice According 
to Havens, 101 the icterogenic agent of infectious 
hepatitis can be transmitted in serial passage in 
human volunteeis The agent, like that of post- 
vaccinal jaundice and homologous serum jaun- 
dice, is dui able and suivives heat at 56 C foi 

148 Rosenow, E C Infectious Gastroenteritis An 
Epidemiologic and Laboratory Study, Am J Digest 
Dis 11 381-391 (Dec) 1944 

149 Oliphant, J W Infectious Hepatitis Experi- 
mental Study of Immunity, Pub Health Rep 59 1614- 
1616 (Dec 15) 1944 

150 MacCallum, F O Transmission of Arseno- 
therapy Jaundice by Blood Failure with Feces and 
Nasopharyngeal Washings, Lancet 1 342 (March 17) 
1945 

151 Havens, W P Properties of the Etiologic 
Agent of Infectious Hepatitis, Proc Soc Exper Biol 
& Med 58 203-204 (March) 1945 
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thirty minutes The same author and others 152 
show that the virus is present in the blood, feces, 
nasopharyngeal washings and urine m the early 
stages and even before clinical symptoms appear 
The latter point is reemphasized by Neefe and 
Ins associates, 153 who also repoit on several 
patients m whom clinical jaundice never appeared 
and for whom the diagnosis would have been 
missed had not laboratory evidence of hepatic 
dysfunction been obtained One third of the 
victims of one epidemic did not become jaun- 
diced 134 

The mortality rate is geneially believed to be 
about 0 2 pei cent, but m a certain small per- 
centage of cases there is evidence of residual 
injury to the liver In a study on 200 patients 155 
who still were not well five to nine months after 
the original attack, most of them were found 
to have symptoms which could be ascribed to neu- 
rosis, but about 12 per ’cent had evidence of per- 
sistent hepatic disease 

Treatment of jaundice with methionine was 
unsuccessful, 150 but experiences with gamma 
globulin weie encouraging 154 In one epidemic 
the incidence of hepatitis was said to have been 
significantly reduced by the intramuscular in- 
jection of gamma globulin in persons exposed to 
the infection The substance seemed to prevent 
or ameliorate the disease if given during the in- 
cubation period 

Shigellosis — In continued studies on acute 
diarrheal diseases, Hardy and W att 157 reempha- 

152 Havens, W P , Paul, J R, and VanRooyen, 
C E Human Transmission of Infectious Hepatitis 
by the Oral Route, Lancet 1 202-203 (Feb 17) 1945 
Findlay, G M , and Willcox, P R Transmission of 
Infected Hepatitis by Feces and Urine, ibid 1 212 
(Feb 17) 1945 MacCallum, F O , and Bradley, 
W H Transmission of Infective Hepatitis to Human 
Volunteers, ibid 2*228-229 (Aug 12) 1944 

153 Neefe, J R , Stokes, J , Reinhold, J G , and 
Lukens, F D W Hepatitis Due to the Injection of 
Homologous Blood Products in Human Volunteers, J 
Clin Investigation 23 836-855 (Sept) 1944 

154 Stokes, J , and Neefe, J R The Prevention 
and Attenuation of Infectious Hepatitis by Gamma 
Globulin, J A M A 127 144-145 (Jan 20) 1945 

155 Benjamin, J E, and Hoyt, R C Disability 
Following Postvaccinal (Yellow Fever) Hepatitis A 
Study of Two Hundred Patients Manifesting Delayed 
Convalescence, JAMA 128 319-323 (June 2) 1945 

156 Pollock, M R, and Harris, A D Therapeutic 
Trial of Methionine in Infectious Hepatitis, Brit M 
J 1 399-401 (March 24) 1945 Higgins, G , O’Brien, 

J R P , Peters, R A , Stuart, A , and W itts, L J 
Treatment of Infectious Hepatitis with Methionine, 
Brit M J 1 401-402 (March 24) 1945 

157 Watt, J, and Hardy, A V Studies of the 
Acute Diarrheal Diseases XIII Cultural Surveys of 
Normal Population Groups, Pub Health Rep 60*261- 
273 (March 9) 1945 Hardy, A V, and Watt, J 
XIV Clinical Observations, ibid 60 521-531 (May 11) 
1945 


size the great preponderance of mild attacks of 
simple diarrhea over so-called typical cases of 
bacillary dysentery The number of cases of mild 
diarrhea is usually difficult to deteimme, since 
mild attacks are quickly forgotten About 9 con- 
valescent or passive carriers weie found for each 
recognized case In most instances the souice 
of infection cannot be found 

Some oi der at last seems to be coming out of 
the classification of this group of bacteria, aftei 
the early work of Andrewes, Inman and Boyd 
and now after that of Weil and his associates 158 
In the Shigella paradysentenae (Flexner) group 
there are eighteen patterns of agglutinative be- 
havior, divided now into fourteen types with a 
single primary antigen and four with dual 
primary antigens 

Morton and Engley 159 critically review the 
evidence both favoring and discrediting the value 
Qf bacteriophage m the treatment of bacillar) 
dysentery Most clinical leports thus fai pub- 
lished are inconclusive, but trial m animals seems 
to show its unmistakable therapeutic effective- 
ness If either the sulfonamide compounds or 
streptomycin proves to be more effective, there 
will be no need for the use of bacteriophage or for { 
immunotherapy J 

In an attempt to provide a reliable method of j 
prophylactic immunization, volunteers weie j 
given injections of a specific polysaccharide anti- j 
gen of Flexner dysentery bacilli 100 Agglu- j 
timns developed in the blood for the homologous i 
strain and for other groups as well The blood i 
also contained protective antibodies On the ! , 
other hand, in a different study, 101 the agglutina- j • 
tion test as usually performed was found to be j j 
an unreliable means of diagnosing infections with ; j 
various members of the Shigella group, nor was j : 
it an index of immunity or susceptibility to infec- ( 
tion The agglutinin titer was usually higher j , 
for patients who shed bacilli m their feces but not 
sufficiently high, nor consistently so, to permit 1 
interpretation m individual cases 

158 Weil, A J , Black, J , and Farsetta, K The 
Serological Types of Shigella Paradysentenae (Flex- , 
ner) II Types with a Single Primary Antigen, J 
Immunol 49 '321-340 (Dec) 1944, II Types with ' 
Dual Primary Antigens Practise oi Typing, Discus- 
sion, ibid 49 341-351 (Dec) 1944 

159 Morton, H E , and Engley, F B Dysentcrj 
Bacteriophage, JAMA 127 584-591 (March 10) 
1945 

160 Perlman, E , Binkley, F , and Goebel, W F 
Studies on the Flexner Group of Dysentery Bacilli, 

J Exper Med 81 349-358 (April) 1945 

161 Watt, J , and DeCapito, T M Studies of 
Acute Diarrheal Diseases XV The Agglutination 
Test in Shigella Pa rad} sentenae Infections, Pub Health 
Rep 60 642-650 (June 8) 1945 
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Typhoid — The use of streptomycin for 
typhoid has been discussed According to Luip- 
pold, the standaid subcutaneous method of vac- 
cination against typhoid is superioi to one tenth 
01 one fifth of the dose given mtracutaneously 302 
The latter is useful chiefly foi elderly peisons 
and for allergic peisons, foi whom the mtra- 
cutaneous injection of small doses is safei 

Cholera — In a series of papeis m the Decem- 
ber issue of the Proceedings of the Society of 
Experimental Biology and Medicine, Burrows 
and his associates report the isolation and proper- 
ties of the endotoxin of the cholua vibno It 
is resistant to peptic and tryptic digestion and is 
possibly a phospholipid Mice could be actively 
immunized with the toxin, but neutralization m 
vitro was not accomplished v ith either antibac- 
terial or antiendotoxic serums known to be pro- 
tective for mice Mice could not be immunized 
against the mtraperitoneal injection of endotoxin 
Active immunity in human beings probably 
includes both antitoxic and antibactei lal protec- 
tion A trial of streptomycin for the treatment 
of cholera is in order 

Ulcerative Colitis — In considering types of 
ulcerative colitis on an etiologic basis, Bargen 103 
still regai ds the streptococcus as a cause With 
great numbers of streptococci usually present 
normally m the bowel and its wall and with no 
proof of their pathogenicity, he still advocates 
the use of an antistieptococcus vaccine and, 
what is even moie futile, the lemoval of teeth 
and tonsils as foci of infection No mention is 
made of the importance of psychic influence in 
the disease 

“Vm cent’s Infection ” — According to dentists’ 
views, 104 the etiology and epidemiology of ulcei- 
ative gingivostomatitis (Vincent’s disease) are 
poorly understood It is indeed an important 
disease, but it is not even known whether it is 
contagious or not or whether the spiral micro- 
organisms usually associated with the disease 
are the cause In one study, impiovement of 
oral hygiene was therapeutically effective In 
another, the technic for the isolation and culti- 

162 Luippold, G F Typhoid Vaccine Studies IX 
Intracutaneous Versus Subcutaneous Vaccination for 
Initial Immunization, Am J Pub Health 34 1151- 
1162 (Nov) 1944 

163 Bargen, J A The Medical Management of 
Ulcerative Colitis, J A M A 126 1009-1013 (Dec 

1 16) 1944 

164 Dunn, H T , and Singleton, D E Vincent’s 
Infection— A Wartime Disease, Am J Pub Health 
35 433-440 (May) 1945 Hamp, E G Vincent’s In- 
fection— A Wartime Disease, ibid 35*441-450 (May) 


vation of spirochetes from gingival lesions is 
described 

It is doubtful that sulfonamide compounds aie 
of specific value in treatment 10 "‘ The efficacy of 
penicillin therapy of the condition is uncertain, 
although one report, 100 made without control 
studies, is favorable Patients treated with peni- 
cillin also received other hygienic oral treatment, 
which, as previously mentioned, is in itself ef- 
fective The use of penicillin was based on the 
analogy of its success in the treatment of syphilis 
and other spirochetal diseases, but just the fact 
that Vincent’s spirochete is curly like other 
spnochetes is not leason enough to support 
the theory At one time arsphenammes were 
used for the same icason, regardless of the fact 
that patients at tunes contracted Vincent’s in- > 
fections while undergoing intensive arsphenamme 
treatment for syphilis Both penicillin and sul- 
fonamide compounds 'may, indeed, influence 
favorably infections caused by gingival bacteria 
susceptible to their effects, but until further con- 
trolled study is made judgment should be 
reset ved 

DISEASES or HIE CENTRAL NLRVOUS SYSTEM 

Poliomyelitis — Toomey 1C_ warns against the 
use of sulfonamide therapy for poliomyelitis It 
may be harmful 

In an epidemiologic study of poliomyelitis, 
leported by Pearson and lus associates in the 
Mai ch number of the American Journal of 
Hygiene, specimens of stools from almost all 
people m a village where 1 case occurred weie 
studied Virus was recoveied only from a son 
of the patient Of 30 other persons associated 
with a patient, vuus was lecovered m the stools 
of only 3 Vuus was not found m feces of faim 
animals or in flies, mosquitoes, rats or mice in 
the vicinity It seemed that peisonal associa- 
tion was the pnncipal factor involved in the 
spiead of the vuus In an outbreak in a city, no 
evidence of sanitary defects was found, noi was 
any single source of food or milk inciiminated 
Mosquitoes, flies, rats and mice weie not nu- 
meious Vuus was most often found among 
peisons of a household in which a patient was 
present Instead of a random scattenng of cases, 
the distribution was concentrated about the 

165 Manson, W W, and Craig, I T Treatment 
of Vincent’s Angina with Sulfathiazole, JAMA 
127 277 (Feb 3) 1945 

166 Pearce, W F , and McDonald, J B Treatment 
of Ambulatory Patients with Penicillin Sodium, 

J A M A 128 342-344 (June 2) 1945 

167 Toomey, J A Treatment of Poliomyelitis, 

J A M A 126 49 (Sept 2) 1944 
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source m a patient who served as a focus of 
infection Othei s 108 found poliomyelitis virus 
m the orophaiynx of nearly half of 23 patients 
but nevei after the thud day of disease Horst- 
man and her associates 109 show that poliomyelitis 
vims peisists m the feces of patients foi vanable 
penods after an attack but not peimanently Six- 
ty-one per cent of patients excreted virus for 
two weeks after the onset of the disease, but the 
percentage giadually declined until only 12 per 
cent did after eight weeks Only 1 excieted 
virus m the twelfth week 

From another study 170 the first direct evi- 
dence of the serving of contaminated food as a 
link m the chain of infection was derived Food 
exposed to flies in homes where patients had 
the disease contained enough virus to cause 
mild foims of poliomyelitis in chimpanzees which 
ate the ‘contaminated food Poliomyelitis can 
obviously be transmitted m a number of ways 

In a study of noncontact persons during an 
mterepidemic period, 171 tonsils and stools were 
collected from 136 persons At least 5 of these 
persons harbored poliomyelitis virus, either in 
their tonsils oi m their feces when the disease 
was not present m the community 

A case of a second attack of poliomyelitis m 
a woman of 32 is reported 172 The first occurred 
thirteen years previously Howe and Bodian 173 
observed the apparent spontaneous infection of 
2 chimpanzees with poliomyelitis Melmck 174 
isolated poliomyelitis virus from the blood of 4 
of 10 infected monkeys 

While numerous eailier experiments show 
that mice given diets deficient m thiamine are 
more resistant to poliomyelitis, tests now show 
that riboflavin deficiency has a much less strik- 

168 Howe, H A , Bodian, D , and Wenner, H A 
Further Observations on the Presence of Poliomyelitis 
Virus m the Human Oropharynx, Bull Johns Hopkins 
Hosp 76 19-24 (Jan) 1945 

169 Horstman, D M , Ward, R , and Melmck, 

J L Persistence of Virus Excretion m the Stools of 
Poliomyelitis Patients, JAMA 126 161-162 (Dec 
23) 1944 

170 Ward, R , Melmck, J L , and Horstman, D M 
Poliomyelitis in Fly-Contaminated Food Collected at 
an Epidemic, Science 101 491-493 (May 11) 1945 

171 Kessel, J F, and Moore, F J Occurrence of 
Poliomyelitis Virus in Tonsils and Stools of Non- 
contacts During an Interepidemic Period, Am J Hyg 
41-25-29 (Jan) 1945 

172 Wyllie, J Second Attack of Poliomyelitis 
After Thirteen Years' Canad J Pub Health 36 156- 
159 (April) 1945 

173 Howe, H A , and Bodian, D Poliomyelitis by 
Accidental Contagion in the Chimpanzee, J Exper 
Med 80 383-390 (Nov) 1944 

174 Melmck, J L Poliomyelitis Virus m the Blood 
Stream in the Experimental Disease, Proc Soc Exper 
Biol & Med 58 14-16 (Jan) 1945 


mg effect 1,0 Incidentally, libofiavin-deficient 
mice are much less resistant to infections by 
oigamsms of the Salmonella group than are 
noimally fed mice 170 The apparent paradox 
of the fact that both immunity to viral infections 
and hypei susceptibility to bacterial diseases can 
stem from hypovitammosis lacks explanation 
Monkeys, unlike mice, are not more resistant to 
poliomyelitis when fed a thiamine-deficient 
diet 177 Hypovitammosis, therefore, is not re- 
lated to increased resistance in all species ot 
animals 

Studies by Schneider and Webstei 178 illustrate 
how deceiving conclusions may be m regard to 
the effect of nutution on resistance to infection 
if the results are not carefully controlled Cer- 
tain diets may indeed promote a higher survival 
rate in experimentally infected mice, but the dif- 
ferences noted depend largely on the genetic 
constitution of the mice used for study The 
results of certain reported studies could not be 
duplicated in highly mbred strains of mice of 
known natural lesistance 

During an epidemic of poliomyelitis m Iowa 
in 1943, 10 cases of another unclassified disease 
were obseived, 179 chai actei lzed by a sudden 
onset of high fever, anorexia and nausea, head- 
ache, photophobia, backache and pams m the 
limbs, occurring chiefly m children and \oaug 
adults and lasting about a week The only epi- 
demiologic feature of possible significance was a 
histoiy of swimming m uveis or lakes by over 
half of the victims The authors believe that 
previous smulai outbreaks — an outbreak m 
Georgia in 1940 also associated with swimming 
and two outbreaks in California in 1934 and 1935 
— which may or may not have been of the same 
disease, weie described m 1943 as “pretibial 
fever ” The disease observed did not seem likely 
to be related to Bulbs fever oi to Colorado lick 

175 Rasmussen, A F, Jr , Waisman, H A, and 
Lichstem, H C Influence of Riboflavin m Suscepti- 
bility of Mice to Experimental Poliomyelitis, Proc 
Soc Exper Biol & Med 57 92-95 (Oct ) 1944 

176 Kligler, I J , Guggenheim, K, and Buecliler, 

E Relation of Riboflavin Deficiency to Spontaneous , 
Epidemics of Salmonella in Mice, Proc Soc Exper 
Biol & Med 57 132-133 (Oct) 1944 

177 Clark, P F , Waisman, H A , Lichstem, H C , , 
and Jones, E S Influence of Thiamine Deficiency in 
Macaca Mulatta in Susceptibility to Experimental Polio- 
myelitis, Proc Soc Exper Biol & Med 58:42-45 
(Jan) 1945 

178 Schneider, H A , and Webster, L T Nutrition 
of the Host and Natural Resistance to Infection, J 
Exper Med 81 359-384 (April) 1945 

179 Paul, W D , Antes, E H , and Sahs, A L 
A Dengue-lihe Fever Occurring in Iowa During the 
Pohomjehtis Epidemic of 1943, Arch Int Med 75 
184-191 (March) 1945 
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fever The authors prefer to call the disease a 
“dengue-like” fevei Differentiation from polio- 
myelitis or meningoencephalitis was made by 
study of the spinal fluid 

Encephalitis — Encephalitis was found at 
necropsy m 1 patient with herpes simplex 180 
and in 1 with herpes zoster 181 In both instances, 
the histologic changes were not specific, and 
the diagnosis could be made only by association 
with other factors In the case of herpes zoster, 
its etiologic relation with encephalitis was not 
clear Mumps meningitis is commented on 
elsewheie m this review 

In an epidemic of pleuiodyma 182 affecting 16 
nurses, symptoms of involvement of the central 
nervous system were striking, suggesting that 
the causative agent was neurotropic , as many as 
76 leukocytes per. cubic millimeter weie found 
in the spinal fluid Five of the attacks were 
preceded by mild infections of the uppei respira- 
:ory tract, and gastrointestinal symptoms were 
lommon, as in the syndiome viral dysentery 
ilready mentioned 

Although mosquitoes weie known to be able 
o convey St Louis encephalitis to chickens ex- 
perimentally, new evidence 183 also incriminates 
:hicken mites as interfowl transmitters Chicken 
nites and ticks collected in Texas, where epi- 
lemics of equine encephalitis occurred, were 
ound to contain the virus of this disease also 184 
rhey may be the actual natuial reservoirs or 
r ectors of both diseases and perhaps of still 
•thers These discoveries suggest certain clear- 
ut problems in prophylaxis 

Evidence 185 of the existence of even more un- 
mown viruses appears , three neurotropic viruses 
Afferent from any known ones were isolated 
rom mosquitoes m South America 

Tuberculous Meningitis — Jennings 180 de- 
cnbes 2 of the few reported cases of recovery 


from tuberculous meningitis It seems probable, 
however, that many more unrecognized nonfatal 
cases occui which aie not diagnosed, either be- 
cause of the mildness of the symptoms or because 
the spinal fluid is not studied or tubercle bacilli 
cannot be found In other studies, streptomycin 
had no influence on the course m several cases 
Tetanus — Under the title of “A New Method 
of Treating Tetanus,” Stern 187 lecommends the 
cisternal injection of antitetanus serum There 
is nothing new about this, in fact, the proceduie 
has long been condemned as futile and dangerous 
Apparently Soviet investigators have not had 
access to the papeis of Abel and many other 
clinical repoits in the English language 

Rheumatic Fevei — If experiments reported by 
Copeman 388 can be confirmed, current ideas as 
to the cause of rheumatic fevei must be revised 
Blood from a patient with rheumatic fever was 
injected into 5 volunteers, in 2 of whom mild 
attacks developed Blood from these 2 was 
injected into 4 moie volunteers and caused the 
appeal ance of symptoms m 1 Transmission was 
successful once again but failed thereafter The 
expei iment lecalls that of Birkhaug, who caused 
symptoms to appeal in himself b) inoculating a 
filtiate of a strain of nonhemolytic streptococci 
Also of interest in this connection is a report b> 
MacNeal and his associates 180 on the production 
of a nonbacterial form of veirucous endocarditis 
m labbits by the intiavenous injection of filtered - 
pericardial exudate from a patient with rheumatic 
carditis Endocarditis was also caused b} the 
injection of exudates and blood from other 
patients but with inconstant results The infec- 
tion could be propagated from rabbit to rabbit 
mid was apparently growm in embryonated eggs 
As usual, difficulties w'ere encountered m differ- 
entiating the lesions fiom those found in rabbits 
subjected to various other expei linen tal pro- 


180 Hassin, G B , and Rabens, I A Herpetic 
leningoencephahtis Clinical-Pathologic Report of 
ase, J Neuropath & Exper Neurol 3 355-367 (Oct ) 
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181 ICrumholz, S, and Luhan, J A Encephalitis 
.ssociated with Herpes Zoster Report of Case, Arch 
eurol & Psychiat 53 59-67, (Jan ) 1945 

182 McConnell, J An Epidemic of Pleurodynia 
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rable Cause, Am J M Sc 209 41-48 (Jan ) 1945 

183 Smith, M G , Blattner, R J , and Heys, F M 
ie Isolation of the St Louis Encephalitis from 
hicken Mites (Dermanyssus Gallinae m Nature), 
cience 100 362-363 (Oct 20) 1944 

184 Sulkm, S E Recovery of Equine Encephalo- 
yehtis Virus (Western Type) from Chicken Mites, 
cience 101 381-383 (April 13) 1945 

185 Roca-Garcia, M The Isolation of Three Neuro- 
opic Viruses from Forest Mosquitoes in Eastern 
olombia, J Infect Dis 75 160-169 (Sept -Oct ) 1944 


In a study of 32 cases, according to Cope- ,, 
mail, 100 lheumatic fever w'as found to be an 
endogenous disease provoked into clinical sig- 
nificance by preceding conditions which may not 
be streptoco ccic in origin, such as exposure, cold 

186 Jennings, G H Recovery from Tuberculous 
Meningitis, Lancet 1 466-467 (April 14) 1945 

187 Stern, L A A New Method of Treating 
1944 nUS ’ Am Rcv Soviet Med 1 540-543 (Aug) 

188 Copeman, W S C Ex-perimenta! Transmission 

\ C i U r^ tlC Fcver > Ann Rheumat Dis 4 37-39 
(.JJec ; 1944 

189 MacNeal, W J , Blevins, A , Slavic, n, A E, 

and Scanlon H Experimental Verrucous Endocardi- 1 
tis, Science 101 415-416 (April 20) 1945 * 

190 Copeman, W S C Observations on the 
Natural History of Acute Rheumatic Fever, Ann 
Rheumat Dis 4 11-17 (Sept) 1944 
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,uid fatigue In only a lew instances was thcic a 
suggestion of tiansnn^Mon In dtoplels or by ait 
lie hclicv es ihcunutie fevei to be basically an 
acute piogressne lobule fibioMtic leaclion local- 
i 7 cd m tendon sheaths neat joints 

A sy niposnitn on lbeumatic fevei is lcpoitcd 
m the October 21 issue of the foumal of the 
.Imatcan Mutual . Item laf inn In it Wilson and 
Lubschc? expiess doubt that the ioIc of hemo- 
lytic streptococcic infection in piccipitalmg rlieu- 
niatic occuri cnccs has been proved In ^cveial 
studies in which sultonamide prophvlaxts sup- 
posed!} 1 educed the incidence ot the disease 
The published data, tbev state, do not meet the 
basic requirements for adequate biostatistical 
analvsis On the nthei band, .iccouling to Tones 
epidemiologic data mini nnbtaiv somecs seem 
to indicate close association of lbeumatic disease 
with hemolytic stieptococcic infections lie out- 
lines the criteria foi icasonablv ccitam diagnosis 
of the disease lie like Wilson, also refuses to 
accept as pioved the evidence that sulfonamide 
pioplvvlaxis is lebable in preventing rccuti cnccs 
of the disease and piopcilv legards it still as an 
experimental measure Thomas maintains hci 
prev ious v tew that sulfonamide propliy la\is is the 
most cflcctive measuic of pi eventing lecurrenccs 
She iccommends 1 Gin oi sulfadia/mc daily foi 
at least five year* One of hei patients has ic- 
cencd this dose 101 eight vcais One wondcis 
if the evidence ot supcnoritv of penicillin foi 
bemohtic streptococcic infections will cause a 
change of these views 

Not long ago Coburn lecommended massive 
doses of sodium salicylate to be given inlia- 
v enough for the treatment of rheumatic fever 
Subsequentl}, deaths and sevcic complications 
weie rcpoitcd 101 m patients receiving Iaigc doses 
Salicylic poisoning was seldom considcicd in the 
past, but it is, nevertheless, dangerous 

Rheumatoid Aitlmti s — Ficund and lus asso- 
ciates 10 - report a novel view of the pathology of 
lheumatoid arthritis In 14 patients they found 
inflammatory nodules widely disseminated m the 
peripheial nerve ti unks and muscles Conti ol 
studies on nonaithritic patients failed to show 
these lesions The changes, they believe, seive 
to explain the clinical manifestations of the dis- 
ease and show that it is a systemic one not 
confined to the joints One wondeis why such 
sti iking changes had not been noted oi lepoitcd 
by other nivesligatoi s befoie, whethei in ccitam 

191 Ashworth, C T , and McKcrme, J F Hemor- 
rhagic Complications with Death Probably fiom Salicyl- 
ate 1 hcrapj , JAMA 126-806-810 (Nov 25) 1944 

192 Freund, H A , Steiner, G , Lcichtcntiitt, B , 
and Pi ice, A E Nodular Polymyositis in Rheumatoid 
Arthritis, Science 101 202-203 (Feb 23) 1945 


eases the} may not he an effect rathei than a 
cause and what then l elation is to the well known 
subcutaneous nodules found in this disease 

OTHER VIRAL DISEASES 

Mumps — AVith the idea m nund of immuniz- 
ing clnldicn against mumps at an age when the 
disease is supposedly not dangeious, an epidemic 
was pei nutted to spiead unchecked m a school 102 
Out of 161 exposed childicn, 114 weie suscep- 
tible Of these. 62 conli acted mumps, 4 with 
encephalitis, 1 with oiclntis and 1 with pan- 
el catitis Besides these, 10 members of the 
families of these clnldi cn had mumps The school 
plnsician decided it would be unwise to repeat 
the cxpciimcnt Expci linental evidence 101 sug- 
gests that in most cncumstances mumps, in con- 
tiast with clnckcnpox, is not a tiue air-boine 
disease 

In experiments by Endeis and Ins associates, 105 
monkeys were infected by r the intiaparotid injec- 
tion of saliva from patients An antigen appeared 
in the gland which leads with the seiuin of con- 
valescent monkey's In human beings, a specific 
antibody appears in the seium regulaily during 
and after the disease Specific dermal hypei- 
scnsitivity and complement-fixing antibodies in 
the seium developed in convalescent patients 
The comjvlement fixation test is especially valu- 
able in the difficult diagnosis of mumps encepha- 
litis when pai otitis is minimal, delayed or absent 
1 lie l eaction was positive in 16 of 50 patients 
with encephalitis without involvement of the 
parotid gland It would probably be valuable 
also m the diagnosis of mumps panel eatitis or 
oiclntis 

Mumps vims in laige amounts foi use m the 
complement fixation test can be obtained from 
cluck embiy'o cultuies 100 Egg virus facilitates 
the possible development of vaccine, mateual foi 
cutaneous tests and othei aids in the study of ( 
mumps 

193 Levine, M I Sponsored Epidemic of Mumps 
m a Pnvatc School, Am J Pub Health 34 1274-1276 
(Dec) 1944 

194 Habel, IC Mumps and Clnckcnpox as Air- 
Borne Diseases, Am J At Sc 209 75-78 (Jan ) 1945 

195 Enders, J F , Kane, L W , Cohen, S , and 

Lcvcns, J PI Immunity in Atumps I Experiments 
with Atonkeys (Atacacus Atulatta), J Exper Med 
81 93-118 (Jan) 1945 Enders, J F , Cohen, S, and J 
Kane, L W II Development of Complement-Fixing 'j 
Antibody and Dermal Hypersensitivity in Human '! 
Beings Following Mumps, ibid 81 119-136 (Jan) 1945 ji 
Kane, L W , and Enders, J F III Complement [' 
Fixation Test as Aid in Diagnosis of Mumps Memngo- ' 
encephalitis, ibid 81 137-150 (Jan ) 1945 ; 

196 Habel, K Cultivation of Mumps Virus in the 1 

Developing Chick Embryo and Its Application to , 
Studies of Immunity to Mumps in Man, Pub Health!, 
Rep 60.201-217 (Feb 23) 1945 “ 
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That mumps should be considered a geneial 
systemic infection is pointed out by Swedish 
clinicians 197 The paiotid glands aie usually in- 
volved but not always Among 458 patients in an 
epidemic, changes in the spinal fluid indicated 
meningeal involvement in 65 pel cent In 10 per 
cent, meningeal involvement pieceded swelling 
of the parotid gland In support of the view of 
Enders just mentioned, mumps is suggested as 
a cause of ceitain undiagnosed attacks of lympho- 
cytic meningitis From electrocardiogiapluc evi- 
dence Rosenberg 108 concludes that, conti ary to 
general belief, the myocardium is often involved 
during mumps Of 104 patients, tiansient electro- 
cardiographic changes appeared in 16 

Measles — Gamma globulin is bettei than pla- 
cental globulin for the prophylaxis of measles 190 
Among 814 children exposed to the disease and 
treated, none had regulai measles, 7S per cent 
were completely protected, and the rest had mild 
attacks Concentiated gamma globulin, when 
given m the first six days aftei exposure to the 
disease, will protect 3 out of every 4 peisons if 
it is given in doses of 0 08 to 0 1 cc per pound 
(0 5 Kg ) of body weight 200 

Smallpox — Stevenson 201 points out that vac- 
cination against smallpox usualh gives reliable 
protection but m numeious instances it fails 
There is no justification for the opinion that vac- 
cination within a few days aftei exposure to 
smallpox will invariably give immunity to it 
Unexplained variations in immunity lesponse to 
vaccine occur m different persons Variations of 
potency or m the immunizing powei of the vac- 
cine cannot always be blamed foi failures 

In an outbreak among a supposedly highly 
immunized group, 202 96 per cent had been vac- 
cinated at some time, 70 pei cent within two 
years and 16 pei cent within two months Gieat 
variations also occur in the clinical manifesta- 
tions of the disease itself Accurate clinical 

197 Bang, H O , and Bang, J Involvement of the 
Central Nervous System in Mumps, Acta med Scan- 
dinav 113 487-505 (April) 1943 

198 Rosenberg, D H Electrocardiographic Changes 
in Epidemic Parotitis (Mumps), Proc Soc Exper 
Biol & Med 58 9-11 (Jan) 1945 

199 Greenberg, M , Frant, S , and Rutstein, D 
D “Gamma Globulin” and “Placental Globulin,” 
JAMA 126 944-947 (Dec 9) 1945 

200 Janeway, C A The Use of Concentrated 
Human Serum 7-Globulin in Prevention and Attenua- 
tion of Measles, Bull New York Acad Med 21 202- 
222 (April) 1945 

201 Stevenson, W D H Vaccination Against 
Smallpox Apparent Anomalies m Protection, Lancet 
2 697-700 (Nov 25) 1944 

202 Illingworth, R S , and Oliver, W A Small- 
pox in the Middle East Lessons from One Hundred 
Cases, Lancet 2 681-685 (Nov 25) 1944 


diagnosis in the early stages is often impossible, 
and little reliance should be placed on details of 
the typical textbook descriptions, including the 
thiee to four day fever, backache and the sup- 
posed characteristic eiuption The eruption may 
mimic those of measles or chickenpox Diagnosis 
was gieatly aided by a new test 203 consisting of 
making sci apings of a papule, staining them on 
a specially prepared slide and examining them 
for elemental y bodies These bodies are much 
more numerous than those in the lesions of 
chickenpox The lesults of the test were posi- 
tive m 77 out of 80 cases It is lapid and casil} 
eliminates piobable diagnoses of chickenpox, 
measles or typhus The Paul rabbit eye test is 
less reliable and takes three days to do 

Psittacosis — Evidence is presented 201 that 
epizootics among pigeons may be caused by two 
viruses simultaneously, one a psittacosis-like 
virus (ornithosis) and the othei a new one 
called INI (intianuclcai inclusion) virus The 
lattei is pathogenic for pigeons but not for rab- 
bits, guinea pigs or mice 

Of 113 mixed Amazon parrots and parakeets 
impounded by quarantine regulations m Brow ns- 
ville, Texas, 108 died (97 pei cent) from psitta- 
cosis and bacterial infections, especially those 
with the Salmonella group of bacilli 205 

Yellow Fcvct — For the first time 200 jellow 
fever was discoveied in a wuld animal in its 
natural habitat m South America A sick mon- 
key was tiapped and died fiom the disease The 
discoveiy favois the view that the resenoir of 
jungle yellow fever is m animals, from which 
it is spread to human beings Antibodies, but no 
vims, w r ere found in the blood of the other mon- 
kej s and m opossums, suggesting past infections 
with yellow fevei virus 

Othei Studies on Vituses — Distempei vnus, 
like the othei filtiable viruses, may be modified by 
passage m hosts other than the usual ones 207 By 
passing thiough feirets, the virulence of canine 
distempei vnus for foxes oi dogs declined, and 

203 van Rooycn, C E , and Illingworth, R S 
Laboratory Test for Diagnosis of Smallpox, Brit M 
J 2 526-529 (Oct 21) 1944 

204 Sniadel, J E , Jackson, E B , and Harman, 
J W A New Virus Disease of Pigeons I Recovery 
of the Virus, J Exper Med 81 385-397 (April) 1945 

205 Dunnahoo, G L , and Hampton, B C Psitta- 
cosis Occurrence m the United States and Report of 
97 per cent Mortality in a Shipment of Psittacine 
Birds While Under Quarantine, Pub Health Rep 
60 354-357 (March 30) 1945 

206 Fosdick, R B The Rockefeller Foundation 
A Review for 1944, p 36 

207 Green, R G Zoologic and Histologic Modifica- 
tion of the Distemper Virus by Ferret Passage, Am 
J Hyg 41 7-24 (Jan) 1945 
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alien fifty p.a*sigev the \uus caused only s\mp- 
tonile^ infection, attei fmlhci passage, no m- 
tcction lCMilled 

1 label" 0 * obtained bcttei i exults in the pio- 
tcction of animals against rabies b\ UMiig a con- 
cent! ated iabics-nninnne tahhil setum with the 
usual \accmc method ot pioplnlavis Seium 
prophylaxis combined with \accme pioplnlavts 
gate c\en bettei instills Tnal m human beings 
is w at ranted 

According to Kramer and Ins co-w oi kci «v w * 
who tested the therapeutic and pi ophj lactic 
iction of a wide ranch of chemical compounds 
on ncurolropic runs infections in mice, none ol 
the agents had am raluc Some cfiect of sulfon- 
amide compounds and penicillin has been ic- 
poitcd on infections of the psittacosis gionp. hut 
there is still a question as to whcthei the causa- 
tire agents arc tiue filtiahle muses 

With an ingenious technic, 2,0 election miciog- 
raphv can now show three dimensional news 
of eirus particles to gne new mfounation about 
their size and shape In Beard's studies, 21 1 elec- 
tron micrographr showed unmistakable eudence 
of chfiercntiation within nrus particles, causing 
him to far or the idea that viruses are not mere 
aggregates of molecules but icscmble relaltrcly 
more highly organized bacteria m their shape 
and internal makeup 

1 ulaicmm — In a sludr - 12 m which Bacterium 
tulaiensc was found to he exlicmely poly- 
moiphous Foshay and Ilcsselhiock found some 
forms to be so minute as to resemble certain 
elementary bodies In filtration tests with giad- 
ocol membiancs, these minute pathogenic foims 
passed through and developed into laigci units 
after their inoculation in animals 

\ long list of natuially infected rcrtebiatcs 
was published - ,n 
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Soc Exper Biol & Med 58 265-270 (Alarch) 1945 

211 Beard, J W The Ultiacenlrifugal, Chemical 
and Electron Aticrograpluc Characters of Puiificd Ani- 
mal Viruses, Proc Inst Alcd Chicago 15 294, 1945 

212 Foshay, L , and Ilcsselbrock, W Some Obser- 
vations on the Fillrahility of Bacterium Tularensc, 

J Bact 49 233-236 (March) 1945 

213 Burroughs, A L , Holdenried, R , Longanccker, 
D S , and Alcycr, K F A Field Study of Latent 
Tularemia m Rodents with a List of All Known 
Naturally Infected Veitcbrates, J Infect Dis 76 115- 
119 (March-April) 1945 


In a clinical iepoil 214 on studies made with- 
out pioper conliols, 61 patients with tularemia 
aic said to have been piomptly cuied by the 
mtiarcnous injection of a solution of bismuth 
sodium Initiate The details of the investigation 
aic so meagci as to icndet furthei judgment of 
the i cpoi l impossible In cxpei imental studies 213 
on guinea pigs a rauety of medicaments, includ- 
ing sulfonamide compounds, penicillin, iodide 
and bismuth compounds, an aisemeal, an anti- 
mom compound and antitularenuc serum, weie 
found to be of no value in tiealment It is possi- 
ble that stieptomyem will prove to be tbe most 
cficctne therapeutic agent 

Main moie peisons ate bitten by lats than is 
usually thought 2ir In a study of an area of 2 
squat c miles (appioximatcly 5 square kilometers) 
m Baltimore, it rvas learned that a minimum of 
93 persons yvere bitten in a fom year period and 
m 7 (Id pei cent) rat bite fevet developed 

RicLetisial Diseases — Attention is called to 
the dangers of circulatory collapse associated 
with typhus 217 and with Rocky Mountain spotted 
fei ci 213 and to the need for appiopnate suppoi- 
tive thciap) A gieat deal of nonsense has also 
been ad\ocated In one instance, 210 sulfonamide 
compounds yyeic given “as a mattei of routine' 
before diagnosis was made, then penicdlin was 
gnen, and the feier fell In anothei, 218 qumme 
sulfate was given, despite the curient shortage, 
then, among other things, metaphen mtra- 
yenousl) foi ten days, then calcium chloride and 
yitamins intiavcnousl), then sulfadiazine and 
finall) i oentgenotherapy The patient recovered 
any w ay 

A i epoi t 220 on the use of antityphus serum is 
not impiessive Seium appaiently had a bene- 

214 Jackson, W AV The Treatment of Tularemia 
with Intravenous Bismuth Sodium Tartrate, Am J 
AI Sc 209 513-520 (April) 1945 

215 Bell, J F, and Kalm, O B Efficacy of Some 
Dings and Biologic Preparations as Therapeutic Agents 
for Tnlaienua, Aicb Int Aled 75 155-158 (March) 
1945 

216 Richter, C P Incidence of Rat Bites and Rat 
Bite Fever m Baltimore, J A AI A 128 324-326 
(June 2) 1945 

217 Woodward, T E, and Bland, E F Clinical 
Observations m Typhus Fever with Special Reference 
to the Cardiovascular System, J A AI A 126 287- 
290 (Sept 30) 1944 

218 Harrell, G-T , Venning, W, and Wolff, W A 
The Treatment of Rocky Mountain Spotted Fever, 

J A AI A 126 929-934 (Dec 9) 1944 

219 Edmunds, P K Rocky Alountain Spotted 
Fever Treatment with Penicillin, Rocky Mountain 
M J 41 910-912 (Dec) 1944 

220 Stevens, R S Louse-Borne Typhus Fever 
Trial of Serum Treatment, Lancet 1 106-109 (Jan 
27) 1945 
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ficial effect in modifying the seventy of the 
disease in a few patients 

EXOTIC DISEASES 

Sapero and Butler 221 review the infectious 
diseases which caused our naval forces the most 
concern in the South Pacific area namely, malaria, 
bacillary dysentery, dengue, filariasis, infectious 
hepatitis and tsutsugamushi fever (sciub ty- 
phus) They point out how effectively malaria 
can be controlled even under combat conditions, 
chiefly by the control and elimination of the 
breeding areas of anopheles mosquitoes, by the 
proper use of chemical repellents and insecticides, 
by screening and by medication One of the 
greatest factors in the prevention of malaria, 
dengue and filariasis was the separation or iso- 
lation of our personnel from infected natives 
who served as sources of infection Dengue is 
also preventable by effective measures to pre- 
vent the breeding of mosquitoes and their access 
to patients with the disease Bacillary dysentery 
was effectively controlled by reducing the num- 
ber of flies by proper disposal of garbage and 
fecal matter and by the use of screens 

Malana — In a study 222 of soldiers leturnmg 
to this country with malaria contracted in the 
South Pacific area, the acute recurrent attacks, 
mostly of Plasmodium vivax origin, were found 
to be relatively mild Quinacrine hydrochloi ide 
was effective m ridding the blood of parasites and 
in controlling symptoms The rate of recurrences 
diminished with the passage of tune In spite 
of the good immediate results of therapy with 
qumacrme hydrochloride, the large number of 
relapses is a problem Many patients also com- 
plain of not feeling well between attacks Symp- 
toms suspected as psychoneurotic in origin were 
often encountered 

The appaient transmission of malana from a 
soldiei returned from the Pacific area to 2 pei- 
sons is reported 223 from an area m Oregon 
previously free from the disease Mosquitoes 
were abundant at the time (Anopheles puncti- 
pennis and macuhpennis) 

Sulfadiazine is of no value m preventing le- 
lapses of malaria caused by a strain of P vivax 

221 Sapero, J J , and Butler, F A Highlights on 
Epidemic Diseases Occurring m Military Forces m the 
Early Phases of the War in the South Pacific, 
J A M A 127 502-506 (March 3) 1945 

222 Gordon, H H , and others Clinical Features 
of Relapsing Plasmodium Vivax Malaria in Soldiers 
Evacuated from the South Pacific Area, Arch Int 
Med 75 159-167 (March) 1945 

223 Osgood, S B Malana and the Returning Sol- 
dier, J A M A 128 512-513 (June 16) 1945 


malaria m the Southwest Pacific area 224 The 
drug should not be used The late of relapse 
of this form of malana is high and is not con- 
trolled by quinine, qumacrme Iwdrochloride 
(atabnne) or pamaquine naphthoate (plasmo- 
clun) It is also not generally known that there 
are striking clinical differences among infec- 
tions caused by different strains of the same 
type and between natuially acquired and induced 
malana, induced malana is easily controlled 
with quinine, and there are no relapses 

Plasmodium malanae is inactivated by ex- 
posure to roentgen rays and is most sensitive dur- 
ing the process of division 225 

Report 220 is made of the first successful cul- 
tivation of P knowdesi in culture medium 

Dengue — By passage of the virus of dengue 
through mice it becomes modified to such an 
extent that it may serve as an effective vaccine 227 

Filanasis — Extensive studies are being made 
on filariasis In the Pacific area, military per- 
sonnel have shown evidence of infections clin- 
ically 228 and histologically 220 three months after 
ai rival The usual lustoiy is of painful inter- 
mittent swelling of the testicle for weeks or 
months Diagnosis is made by biops), b} the 
finding of microfilarias m the blood and by 
obseivation of calcified worms by roentgenog- 
laphy Derivatives of antimonj, including lith- 
ium antimon) thiomalate, aie giving encouraging 
lesults in treatment 230 

224 Coggesliall, L T , Martin, W B , and Bates, 
R D Sulfadiazine m Treatment of Relapsing Malarial 
Infections Due to Plasmodium Vnax, JAMA 
128 7-S (Maj 5) 1945 

225 Benmson, B E , and Coatnev, G R Inactn a- 
tion of Malarial Parasites b\ X-Rays, Pub Health 
Rep GO 127-129 (Feb 2) 1945 

226 Ball, E G, and others In Vitro Growth and 
Multiplication of the Malaria Parasite, Plasmodium 
Knowdesi, Science 101 542-544 (May 25) 1945 

227 Sabin, A B , and Schlesinger, R W Pro- 
duction of Immunity to Dengue with Virus Modified 
by Propagation in Alice, Science 101 640-642 (Jan 22) 
1945 

228 King, B G Early Filariasis Diagnosis and 
Clinical Findings, Am J Trop Med 24 285-298 
(Sept ) 1944 Byrd, E E , St Arnant, L S , and 
Bromberg, L Studies on Filariasis m the Samoan 
Area, U S Nav AI Bull 44 1-20 (Jan) 1945 

229 Wartman, W B Lesions of Lymphatic System 
in Early Filariasis, Am J Trop Aled 24 281-284 
(Sept ) 1944 , Chmcopathologic Study of Early Filana- 
sis with Lymph Node Biopsies, U S Nav AI Bull 
44 27-36 (Jan ) 1945 

230 Research on Filariasis, Foreign Letteis, J A 
AI A 127 475 (Feb 24) 1945 
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\momj 5,000 persons examined'"* fot filau- 
asis m Belem Biu/il 1 1 pci cent haiboicd nucro- 
lilarus (Wuchcien.i banciofti) The pnncipal 
\ectoi I s ; the mosquito Culex fatigans, 12 pei 

* tent of which weie tound on examination to 
earn the paiastie 

A case oi Amencan leishmaniasis caused by 
Lenhinama biaziliensix appaienth ougmatmg in 
the United States wai icponed-’ 2 1 he disease 
is probably much moie common m this country 
than is realized though piobably unrecognized 
Sch,sfo*ottitam — Although, as rcpoitcd by 
Koppisch '■excr.il years ago, no snails m this 
count! \ arc known to sene as natiual hosts to 
the causatne agent of schistosomiasis, Schisto- 
soma mansom oulcntc now shows-’"’ that po- 
tential carneis do exist A natnc snail lropi- 
corbis hatnneiiMS, was experimcntalh infected 
with S mansom The acquisition of a natural 
infection is theoretically possible if these snails 
become exposed to the excreta of returned mili- 
tary pci sound suftering from the disease 

An important point is raised by Beicovitz 
and Ins associates.-" 1 who show* that m schistoso- 
miasis, as in other diseases, so-called carriers 
may actualh ha\ e the disease and that the actual 
incidence of the disease, including all mild forms, 
is much greater than is usually behexed By proc- 
toscopic examination actual ulceiations were 
found in 60 per cent of 155 otherwise health) 

* Puerto Ricans who shed o\a of S mansom m 
their feces According to the authors, healthy 
cai ricis of the disease arc to he icgarded as in- 
fected pci sons 

Gumuloma Inguinale — The causatnc agent 
ol granuloma inguinale has been cultnated m 
cluck embiyos- 3 ' A new' name, Doucnania 

231 Cause\, O R , Deane, M P , DaCosta, 0, and 
Deane, L M Studies on the Incidence and Trans- 
mission of Tilaria, Wucheria Bancroft!, m Belem, 
Brazil, Am J Hyg 41 143-149 (March) 1945 

232 Stewart, C D, and Pilcher, J T American 
Leishmaniasis Report of an Autochthonous Case, 
Aich Dermal &. Syph 51 124-128 (Feb) 1945 

233 Cram, E R , Jones, M F, and Wright, W 
A Potential Intermediate Host of Schistosoma Mansom, 
Science 101 302 (March 23) 1945 

234 Bcrcovit/, Z T , Rodrigucz-Mohna, R , Har- 
gru\c, D W , Dickie, J D , and Gicen, C E Studies 
on Human Schistosoma Mansom Infections I Proc- 
toscopic Picture m Asymptomatic Schistosomiasis Man- 
som Infections, JAMA 125 961-963 (Aug 5) 
1944 

235 Anderson, IC , DcMonbrcun, W A and Good- 
pasture, E W An Etiologic Consideration of Dono- 
\ama Granulomatosis Cultured from Granuloma Ingui- 
nale (Three Cases) m Embryonic Yolk, J Expei Med 

r 81 25-39 (Jan) 1945 Anderson, K , Goodpastuic, E 
W, and DcMonbrcun, W A Immunologic Relation- 
ship of Donovam Granulomatosis to Granuloma Ingui- 
nale, ibid 81 41-50 (Jan ) 1945 


gianulomatis, is pioposed fot the micro-organ- 
ism, which is probably a baetenum Washed 
suspensions of the agent when injected intra- 
dcrmally elicit a strong reaction m twenty-four 
hours in the active stage of the disease A 
mucoid substance, piobably capsular in origin, 
when mixed with seuun caused pi ecipitation and 
complement fixation These reactions may be 
of diagnostic value 

Pmia — After pievious reported attempts had 
failed, two Cubans - 3G successfully tiansmitted 
pinta to lahhits by inoculating them with Trep- 
onema caiatcum obtained from a patient A 
papule developed one hundied and five days later 
at the point of inoculation in 1 of 4 rabbits A 
volunteer conti acted the disease when inoculated 
with matenal from the labbit 

Lcpiosy — By using a special stain, non-acid- 
fast, "zoogleal” forms or phases of both Mycobac- 
terium tuberculosis and Myocobactei mm leprae 
can he showm - 3T The existence of the organisms 
m such forms may account for the difficulty m 
finding them in certain instances unless the spe- 
cial staining technic is used 

A new disease in horses and man, stachy bo- 
try otoxicosis, is described by Diobotko 23S In 
horses there are necrotic ulcers in the mouth 
and throat, hemorihage, ly mphadenopathy and 
leukopenia lemmiscent of glanders, yet the dis- 
ease does not seem to he contagious and is ap~ 
paiently conti acted by the consumption of hay 
containing the mold Stachybotiys altemans The 
fact that healthy hoises fed moldy' hay' and feed 
mixed with cultuies of the mold alway r s become 
infected suggests the etiologic relation Persons 
are occasionally infected by' contact with the in- 
fected hay and have erythema, pharyngitis and 
rhinitis with bloody' exudate, cough and leuko- 
penia wuthout fever The authoi goes far afield 
when he suggests that this mold may be the cause 
of acute agranulocytosis 

ANTIBODY" FORMATION 

After lying doimant for several yeais, 230 the 
subject of the site of formation of antibodies has 
been revived, with special emphasis on the lole 

236 Leon-Blanc o, F, and Oteiza, A The Experi- 
mental Transmission of Pinta, Mai del Pinto or Curate 
to the Rabbit, Science 101 309-311 (March 23) 1945 

237 Alexander- Jackson, E Non-Acid-Fast Forms 
ot the Mycobacterium of Human Leprosy, Science 
101 563-564 (June 1) 1945 

238 Drobotko, V G Stachybotryotoxicosis A 
New Disease of Horses and Humans, Am Rev Soviet i 
Med 2 238-242 (Feb) 1945 

239 Reimann, H A , Medes, G , and Fisher, L 
The Origin of Blood Proteins, Folia haemat 52 187- 
202 1934 
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of lymphocytes In one study, 240 lymphocytes 
were said to contain a protein probably identical 
with gamma globulin and weie thought to be the 
site of origin of immune globulin, but the 
authors make no leference to pievious studies 
on this point or to any others along similar lines 
In another recent ieport, 241 a somewhat broader 
and perhaps better view is given — namely, that 
lymphocytes either pioduce or adsorb anti- 
bodies, and other circulating and fixed leukocytic 
cells also participate in antibody formation Ac- 
cording to another view, 242 lymphocytes do not 
adsorb antibodies but probably are the she of a 
change of gamma globulin into an immune sub- 
stance Most of these views weie held for many 
years and were embodied in a monograph ~ 13 
published m 1941 

Other experiments 244 indicate a control of 
the number of lymphocjhes in the blood and per- 
haps in other places in the body by secretions of 
the adrenal cortex If lymphocytic tissue is as 
intimately connected with immune responses of 
the body as is believed by the authors cited in 
the preceding paragraph, these obseivations will 
focus much attention on the role of the interior 
pituitary and adrenal glands in the hormonal 
control of immunity, especially of immunity to 
infectious diseases accompanied with either 
lymphopenia or lymphocytosis 

240 Dougherty, T F , Chase, J H , and White, A 
The Demonstration of Antibodies in Lymphocj tes, 
Proc Soc Exper Biol & Med 57 29S-298 (Nov ) 
1944 

241 Ehrich, W E , and Harris, T N The Site of 
Antibody Formation, Science 101 28-31 (Jan 12) 1945 
Harris, T N , and Ehrich, W E The Role of the 
Lymphocyte in Antibody Formation, J Exper Med 
81 73-83 (Jan) 1945 

242 Kass, E H The Occurrence of Normal Serum 
Gamma-Globulin in Human Lymphocytes, Science 101 
337-338 (March 30) 1945 

243 Burnett, F F , Freeman, M , Jackson, A V , 
and Bush, D The Production of Antibodies, Mel- 
bourne, Australia, Macmillan & Co , Ltd , 1941 

244 Reinhardt, W O , and Li, C H Depression 
of Lymphocyte Contact of Thoracic Lymph by Adreno- 
corticotrophic Hormone, Science 101 360-361 (April 
6) 1940 


According to Cannon 245 there is little hope 
that optimal nutrition will activate bacteriostatic 
agents in the defense against infection but inani- 
tion may induce a decrease of resistance by mter- 
fenng with the synthesis of serum globulins, 
which aie important m antibody formation 
Globulins seem to play a role m the nonspecific 
defense agamst infection 240 Evidence points 
moie and more to the view that certain aspects 
of lesistance to infection are nutritional or 
hormonal, but many factors are still unknown 

In dietary studies 217 like those commented on 
in the paragraphs on poliomyelitis, rats fed a diet 
deficient in certain vitamins, except thiamine, 
were moie resistant to pneumococcic infections 
than well fed rats Inanition itself had no ap- 
paient effect on their lesistance Genetic factors 
must also be consideied m interpreting the results 
of experimental studies 178 

245 Cannon, P R Proteins m Resistance to In- 
fection, JAMA 128 360-362 (June 2) 1945 

246 Rcimann, H A The Significance of Fever 
and Blood Protein Changes m Regard to Defense 
Against Infection, Ann Int Med 6 362-374 (Sept ) 
1932 

247 Robinson, H J , and Siegel, H The Influence 
of B Vitamin on the Resistance of Rats to Induced 
Pneumococcal Lobar Pneumonia, J Infect Dis 75 
127-333 (Sept -Oct) 3944 


CORRECTION 

In the article by Major Robert M Finks and Captain 
Richard W Blumberg entitled “Epidemic Hepatitis 
With and Without Jaundice Some Clinical Studies on 
Two Hundred and Fiftv-Fne Patients Among Troops m 
a Combat Zone” in the August issue (ARcn Int Med 
7G 102, 1945), sixteen lines from the bottom of the 
first column on page 310 3 74 mg of bilirubin should 
read 174 mg In the second column of the same page, 
fifth line of the second paragraph under “Pathologic 
Data,” the word “red” should be “green ” 

In their proof, which was returned after publication 
of the article, the authors added the following statement 
to the fourth new paragiaph m the second column on 
page 111 

“The vaiious tests of hepatic function, such as lup- 
puric acid synthesis and sulfobiomophthalein excretion, 
although used in only a few cases, seemed to be of 
definite value m diagnosis of this sjndrome” 
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ESOPHAGEAL LESIONS ASSOCIATED WITH AGROSCLEROSIS 

AND SCLERODERMA 
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The deimatosclei oses constitute a gioup of 
diseases m which changes of the connective tis- 
sues of the body are piedoinmant One of us 
(O’Leary 1 ) has discussed four dermatologic 
entities namely, scleroderma, acrosclerosis, 
scleredema and dermatomyositis, all of which 
have a certain degiee of cutaneous sclerosis as 
part of the clinical picture Fundamental distui- 
bances of the connective tissues are involved m 
each of these syndiomes Scleroderma and 
acrosclerosis ai e alike in that sclerosing processes 
take place m the lower portion of the cutis 
Acrosclerosis differs fiom scleroderma in that 
the trophic disordei in the former appears to 
have its origin m vasomotor disturbances 
Acrosclei osis is a scleiodermic process which 
involves the distal parts of the extremities and 
the face and neck of patients who present the 
phenomena of Raynaud’s disease We believe 
that it constitutes a distinct clinical entity 

As W eiss and his associates 2 have pointed 
out, the changes of connective tissue in sclero- 
derma are not confined to the integument Dis- 
turbances of the heart, lungs and gastrointestinal 
tract have been described in association with 
scleroderma and allied conditions Difficulties 
of deglutition frequently constitute a striking 
feature of the clinical picture The oral lesions 
of scleroderma are well recognized, and the in- 
gestion of food is often difficult because of them 
Disturbances of the passage of food through the 
esophagus aie recognized less frequently It is 
our purpose to discuss the lesions of the esopha- 

From the Division of Medicine (Dr Olsen), the 
Section on Dermatology and Syphilology (Dr O’Leary) 
and the Section on Roentgenology (Dr Kirklm) of the 
Mayo Clinic 

1 O’Leary, P A Dermatosclerosis, Canad M A 
J 48 410-415 (May) 1943 

2 Weiss, S , Stead, E A, Jr , Warren, J Y, and 
Bailey, O T Scleroderma Heart Disease, with Con- 
sideration of Certain Other Visceral Manifestations of 
Scleroderma, Arch Int Med 71 749-776 (June) 1943 


gus that may accompany acrosclerosis and scleio- 
derma Cases of scleredema and dermatomyo- 
sitis have been excluded fiom this study 

REVIEW OF THE LITERATURE 

In 1903 Ehrmann 3 first recorded the occui - 
rence of dysphagia in a case of acute scleroderma 
He performed an esophagoscopic examination on 
the patient and noted changes of the esophageal 
wall Since then 31 additional cases have been 
reported m some detail 4 All available reports 
of cases have been studied The essential facts 
derived from this review have been summarized 
in table 1 

Table 1 — Summary of Data on Cases Repoi ted in 
the Literature 


Total cases reported of scleroderma with esophageal lesions, 32 
Sex male 7, female 25 


Dermatologic classification (when possible) 27 

Acrosclerosis 21 

Scleroderma (generalized) 4 

Acute edematous scleroderma 1 

Localized scleroderma 1 

Roentgenologic features 24 

Stenosis in lower part of esophagus 8 

Retardation, Jack of motility H 

Dilatation or cardiospasm 5 

Esophagoscopic features 8 

Stenosis in lower part of esophagus 6 

Changes restricted to esophageal wall 3 

Cases in which necropsy was performed 8 


The authors of previous articles on this subject 
were in general agreement that the esophageal 
disturbances associated with scleroderma are the < 
result of the presence of sclerodermatous changes 
m the walls of the esophagus The results of 

3 Ehrmann, S Ueber die Beziehung der Sklero- 
dermie zu den autotoxischen Erythemen, Wien med ‘ 
Wchnschr 53 1097-1156, 1903 

4 The four cases reported by Barasciutti (Baras- 
ciutti, A La disfagia degh sclerodermici , indagini 
radiologische e climche , rilievi patogenetici e terapeutici, 
Gior di elm med 18 885-899 [Oct. 10] 1937) are not 
included, as the detailed report of cases has not been 
available for study 
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examination at necropsy were descubed in 8 
cases Grossly, the esophagus usually was 
dilated, and the mucosa was thickened and had 
a varnished appearance In the case reported by 
Rake 6 there was associated ulcerative esopha- 
gitis In 1 of the cases oS Weissenbach, Stewart 
and Hoesli c theie was apparent leukoplakia in 
the lower part of the esophagus In all the 8 
cases, the microscopic observations were similai 
The submucosa was thickened and infiltrated 
with round cells Fragmentation of elastic fibers 
was demonstrated, and the muscular layei was 
atiophied Perivascular infiltration was also 
characteristic In other words, the histologic 
features were those of sclerosis of the connective 
tissues 

Roentgenogi aphic studies of the esophagus 
weie carried out m 24 of the cases reviewed in the 
literature In 1916 Schmidt 7 made a roent- 
genoscopic examination of a patient suffering 
from scleroderma and dysphagia and observed 
the passage of barium sulfate Although no 
lesion was detected in the esophagus, he found 
that fifteen minutes was required for passage of 
the barium into the stomach Kure and his 
associates 8 made rather elaborate roentgen- 
ologic studies of the esophagus in 5 cases of 
scleroderma Three of the patients apparently 
did not have any difficulty in swallowing Em- 
ploying a modified banum meal, Kure and his 
associates 0 recoided the time required for the 
passage of the meal from the mouth to the 
stomach, with the patient both in the upright 
position and m the dorsal decubitus position 
After having established the time intervals for 
normal subjects, they found that the passage of 
j the meal was retarded greatly for their patients 

suffering how scleroderma The retardation was 
< 

.. 5 Rake, G On the Pathology and Pathogenesis 

of Scleroderma, Bull lohns Hopkins Iiosp 48 212- 
£ 227 (April) 1931 

l 6 Weissenbach, R J , Steward, W M , and Hoesli, 
H Troubles fonctionnels et lesions de 1’oesophage 
c dans la sclerodermie, Ann de dermat et syph 79 81-99 
c (Feb ) , 198-219 (March) 1938 

6 7 Schmidt, R Sklerodermie mit Dysphagie, 

Deutsche med Wchnschr 2 1023, 1916 

8 (fl) Kure, K. , Yamagata, K. , Tsukada, S, and 

Hiyoshi, J Passagestorung des Oesophagus bei 
Sklerodermie und Dystrophia musculorum progressiva, 
Klin Wchnschr 15 516-529 (April 11) 1936 (h) 

Tsukada, S Rontgenologische Studien uber die Ver- 
mderungen der Speiserohre bei progressiver Muskeldy- 
strophie und Sklerodermie, Mitt d med Gesellsch zu 
Tokyo 47 1914 (Oct) 1933 

9 (a) Hiyoshi, J Beitrage zur Kenntnis der funk- 

tionellen Veranderung des Osophagus durch rontgeno- 
logische Untersuchungen bei progressiver Muskeldy 
strophie und bei Sklerodermie, Mitt d med Gesellsch 
zu Tokyo 51 799-800 (Aug ) 1937 (6) Footnote 8 


especially prolonged in the doisal decubitus posi- 
tion As might be expected, the greatest delay m 
passage was noted at the cardia Weissenbach 
and his associates 30 made similar time studies in a 
case of dysphagia, using the technic of Kure 
and his associates 0,1 In addition to the retarda- 
tion of the bolus, they observed that the normal 
pei istaltic movements w r ere absent and that there 
were a gaping of the esophagus and a tendenci 
foi the barium meal to adhere to the walls of tin 
esophagus Lindsay and his associates 11 noted 
i educed peristalsis in 1 of their patients and 
absence of peristalsis in another 

Dilatation of the esophagus was described b\ 
loentgenographic means m the cases of Rake f 
Nomland 32 and Jackman 33 The passage of 
barium was ictarded at the cardia in each of 
these cases In Jackman’s case the barium was 
retained above the cardia for eight hours The 
clinical diagnosis u'as cardiospasm in each in- 
stance 

Stenosis of the lower part of the esophagus ha c 
been described in S cases by roentgenoscopic 
stud) In 5 of these cases the roentgenologic 
findings were confirmed by esophagoscopic 
examination In Dowling’s 31 case the finding 
of a stricture in the middle segment of the 
esophagus was not confirmed w hen necropsy was 
performed Fessler and Pohl 30 reported the 
first stenosing lesion in the low'er part of the 
esophagus in 1932 Lindsay, Templeton and 
Rothman 13 reported 3 cases in which an ob- 
structing lesion was noted in the lower part of 
the esophagus One of then patients (then 
case 3) is included in our series (case 4), be- 
cause the patient previously had been a patient 

10 Weissenbach, R J , Dechaume, Martmeau 
Stewart, W M , and Hoesli, H Un cas de syndrome 
de Thibierge- Weissenbach (sclerodermic progressive et 
calcifications) avec lesions bucco-pbary ngees et oeso 
phagiennes accentuees ay ant necessite la gastrostonue, 
Bull Soc franc de dermat et syph 44 1053-1060 
(June 10) 1937 Weissenbach, R J , Martmeau, 
Bouwens, Pizon, and di Mattco Sclerodermic pro- 
gressive, syndrome de Tlubierge-Weissenbach , ulcere de 
jambe et calcification en molletieres, troubles oesopba 
giens, ibid 44 2018-2024 (Dec ) 1937 

11 Lindsay, J R , Templeton, F E, and Rothman 
S Lesions of the Esophagus in Generalized Pro- 
gressive Scleroderma, JAMA 123 745-750 (Nov 
20) 1943 

12 Nomland, R Sclerodactydia with Calcification 
Arch Dermat & Syph 21 322-323 (Feb ) 1930 

13 Jackman, J Roentgen Features of Sclerodernn 
md Acrosclerosis, Radiology 40 163-16S (Feb) 1943 

14 Dowling, G B Generalized Scleiodermia, Brit 
J Dermat 52 242-256 (Aug -Sept) 1940 

15 Fessler, A , and Pohl, R Stenosierender Pro- 
zess des Osophagus bei Sklerodermie, Dermat Ztschr 
63 164-169 (Feb) 1932 
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at the Mayo Clinic Weiss and his associates 2 
leported 2 cases of scleroderma in which theie 
was organic stenosis m the lower pait of the 
esophagus In 1 of these cases esophagoscopic 
examination was perfoimed They also men- 
tioned 5 additional patients who had come under 
their observation and who had scleroderma and 
constricting lesions in the lower part of the 
esophagus 

In 8 of the cases leported m the hteratuie 
esophagoscopic examination was performed, and, 
as noted previously, stenosis of the lower part 
of the esophagus was found in 5 of these cases 
In the remaining 3 cases changes were noted 
m the lining of the esophagus Ehrmann 3 noted 
thickening of the esophageal wall Schwai z 1G 
described esophagitis Lindsay, Templeton and 
Rothman 11 found inflammatory changes in the 
lower two thirds of the esophagus, with a diffuse 
white membrane in the lower part of the esopha- 
gus, about 4 or 5 cm above the diaphragmatic 
level 

The dermatologic diagnosis m all of the 32 
cases reported in the literature was scleroderma 
No attempt was made to distinguish diffuse 
scleroderma from scleroderma occui ring in asso- 
ciation with Raynaud’s syndrome (acroscle- 
rosis) Twenty-seven of the reports of cases 
were presented in sufficient detail to enable one 
to classify the type of dermatosclerosis In 21 of 
the cases vasomotor symptoms affecting the uppei 
extremities had been noted prior to the onset 
of the cutaneous lesions These cases may be 
classified as instances of acroscleiosis Gen- 
eralized scleroderma was apparently present in 
4 cases, acute edematous scleroderma in 1 case 
and localized scleroderma in the lemaimng case 

An outstanding contribution to the study of 
the esophageal lesions of the sclerodeimic dis- 
eases was made by Hoesli 3 7 m the thesis for his 
doctor’s degree m 1937 Hoesli presented data 
on 3 cases which had been studied thoroughly 
and reviewed the hteratuie m detail Lindsay, 
Templeton and Rothman 11 have presented an 
excellent discussion of the subject, with the re- 
port of 5 cases Weiss and his collaborators 2 
have presented data on 2 cases of esophageal 
lesions m a papei that was concerned primarily 
with the cardiac manifestations of scleroderma 

16 Schwarz, P Sklerodermie unci Rontgenkastra- 
tion, Schweiz med Wchnschr 56 246-248 (March) 
1926 

17 Hoesli, H Troubles fonctionnels et lesions de 
I’oesophage dans la sclerodernne, Thesis, Pans, Jou\e 
& Cie, 1937 


Recently Hale and Schatzki 18 reported a series 
of 22 cases of scleroderma in which there weie 
roentgenologic changes attributable to the dis- 
ease In 13 of these cases there was evidence 
of retardation of the passage of barium through 
the lower pait of the esophagus Data on 4 of 
these cases were presented m detail In 1939 
Ochsner and DeBakey 19 called attention to the 
presence of esophageal obstruction m 1 of then 
cases of scleroderma 


ANALYSIS or EXPERIENCE Or MAYO CLINIC 

The records of all patients seen at the Majo 
Clime from 1930 to 1943, inclusive, for whom 
diagnoses of scleroderma or acrosclerosis had 


Table 2 — Data Concerning Thirty-Six Cases of Acro- 
scleiosis or Scleroderma • in Which There Were 
EsQphageal Signs oi Symptoms 


I 18 cases with positive roentgcnographic or endo^copa 
observations 

A Age distribution 34 to 61 years 
B Sex female 13, male 5 
C Dermatologic diagnosis acrosclerosis, 18 
D Roentgenologic diagnosis, 18 cases 

1 Esophageal dilatation or cardiospasm, G 

2 Hiatal hernia, 9 

3 Negative results of examination, 3 * 

E Esophagoscopic diagnosis, 8 cases 

1 Hiatal hemia (corroborated roentgen diagnosis), o 

2 Sclerodermic involvement m patient with esophageal 
dilatation (by roentgen study), 1 

3 Sclerodermic involvement of esophageal wall not 
shown by roentgenologic examination, 2 

P Passage of sounds, 7 cases 

1 Diagnosis and treatment of cardiospasm, 3 

2 Dilatation of stricture associated with hintal hernia, 4 
II 6 cases with negative roentgenographic findings and no 

endoscopic studies 

A Ago distribution 23 to 60 years (average 14) 

B Sex female 2, male 4 

C Dermatologic diagnosis acrosclerosis 4, Ederoderma 2 
III 12 cases with neither roentgcnographic nor endoscopic studies 
A Age distribution 17 to 60 years (average 35) 

B Sex female 9, mole 3 

C Dermatologic diagnosis acrosclerosis 11, scleroderma 
(acute) 1 


* In 2 of these cases esophagoscopic examination demon 
strated changes in the esophageal wall In the remaining case 
a diagnosis of cardiospasm was made by passage oi sound 0 


been made were reviewed These records were 
studied with respect to the occurrence of esopha- 
geal symptoms or signs In 36 of approximately 
350 cases of scleroderma oi acrosclerosis re- 
viewed, dysphagia occurred or lesions of the 
esophagus were demonstiated (table 2) Roent- 
genographic studies were performed m 24 cases, 
and esophagoscopic examination was perfoimed 
in 8 of these cases 

This study is concerned primarily with 18 
cases in which conclusive roentgenographic oi 
endoscopic observations were made Report' 


18 Hale, C H , and Schatzki, R The Roentgeno- 
logical Appearance of the Gastrointestinal Tract m 
Scleroderma, Am J Roentgenol 51 407-420 (April) 
1944 

19 Ochsner, A, and DeBakej, M Scleroderma 
Simposium, Surgical Considerations, New Orleans 
M & S J 92 24-30 (July) 1939 
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of these 18 cases aie presented briefly The 
symptoms of Raynaud’s syndiome preceded 01 
were coincident with the development of cuta- 
neous manifestations m all 18 cases In all these 
cases the diagnosis was acroscleiosis Table 3 


Table 3 — Patients Who Had Dysphagia but Negative 
Roentgenogi aphic Examination and with No 
Endoscopic Studies 


Age, Tears 

Sex 

Dermatologic Diagnosis 

45 

F 

Acrosclerosls 

65 

M 

Acrosclerosls 

40 

M 

Scleroderma * 

60 

M 

Scleroderma 

23 

M 

Acrosclerosls 

39 

r 

Acrosclerosls 


* This cose 1105 reported by Pugh lualo ond Margulics 
(Proc Staff Meet, Mnjo Clin 20 410 [Oct 31] lou) 
Changes m the intestine n hich Here characteristic oi sclero 
derma were recognized bj roentgenoscopic examination 

presents data for 6 patients who complained of 
dysphagia but foi whom the results of roentgen- 
ographic studies were inconclusive and for whom 
no endoscopic studies weie made Twelve pa- 
tients had dysphagia, but no roentgenographic 
or endoscopic studies weie made (table 4) 


Table 4 — Patients Who Had Dysphagia But No 
Roentgenogi aphic oi Endoscopic Studies 


Age, Tears 

Sex 

Dermatologio Diagnosis 

18 

r 

Acrosclerosls 

31 

P 

Acrosclerosls 

40 

P 

Acrosclerosls 

31 

P 

Acrosclerosls 

40 

r 

Acrosclerosls 

37 

r 

Acrosclerosls 

32 

F 

Acrosclerosls 

35 

M 

Acrosclerosls 

38 

M 

Acrosclerosls 

66 

r 

Scleroderma (acute) 

41 

M 

Acrosclerosls 

17 

p 

Acrosclerosls 


Roentgenogi aphic Observations — Conclusive 
roentgenographic features were demonstrated m 
15 cases Esophageal dilatation with atony of 
the esophageal musculature was noted m 6 in- 
stances (cases 8, 9, 10, 11, 12 and 18) Peri- 
staltic movements were decreased or absent in 
these cases Apparent spasm at the cardia, with 
obstruction, was noted in 4 of the 6 cases 
(cases 9, 10, 11 and 12), and the passage of the 
barium meal was slower than normal in these 
cases No studies were made of this group in 
the dorsal decubitus position A roentgeno- 
scopic diagnosis of cardiospasm was made m 
these cases 

In 9 cases (cases 1, 2, 3, 4, 5, 6, 7, 16 and 17) 
a diagnosis of esophageal hiatal hernia was made 
In these cases part of the stomach was found to 
be above the level of the diaphragmatic hiatus 
The herniated portion of the stomach was dis- 
tinguished readily from the phrenic ampulla of 
the esophagus The patients wei e studied roent- 


genoscopicall) m both the upright position and 
the dorsal decubitus position The passage of 
barium through the esophagus was slower than 
normal in each instance In 2 of the cases (cases 

3 and 5) theie was obvious dilatation of the 
esophagus, giving the appearance of associated 
cardiospasm In 6 of these 9 cases (cases 1, 
2, 3, 4, 16 and 17) the hernia was definitely 
of the shoit esophagus type, and there was an 
associated stricture of the lower part of the 
esophagus and esophagogastric junction 

Roentgenographic studies were made m an 
additional 9 cases, but results were reported 
as negalne No attempt was made to study 
these 9 patients m the dorsal decubitus position 
oi to carry out the elaborate time studies advised 
by Kure and lus associates 8a It is probable 
that the time required for the passage of barium 
would have been found to be prolonged if Kure’s 
technic had been used 

Endoscopic Observations — Esophagoscopic 
examination was pei formed in 8 cases In 5 
of these cases, a previous diagnosis of esophageal 
hiatal hernia had been made by roentgenographic 
means The diagnosis of hiatal hernia was con- 
firmed in each instance Strictures were ob- 
served in 2 cases (cases 2 and 3) in association 
with hernias of the short esophagus type The 
obstructions m both cases appeared to be the 
lesult of inflammation In 2 other cases (cases 

4 and 5 ) , ulceration w as noted at the esophago- 
gastric junction In 1 case (case 6) no ulcera- 
tion vas seen In all these cases the gastric 
mucosa of the hernia could be visualized Speci- 
mens veie removed for biopsy in 3 of these 5 
cases (cases 2, 3 and 4) — that is, m the 2 cases 
in which there were strictures and m 1 case in 
which there was severe ulceration of the lower 
part of the esophagus The tissues removed dis- 
closed inflammatory changes so great that it was 
not possible to detect sclerodermatous changes 
In one of the stiictuies definite gastric mucous 
membrane could be demonstrated (case 3) 

In 1 case (case 18) m which diffuse dilatation 
of the esophagus without obstruction at the 
cardia was described roentgenographically, the 
esophagoscopic picture was that of severe 
atrophic esophagitis In the remaining 2 cases 
in which esophagoscopic examination was per- 
formed, l oentgenography had shown nothing 
abnormal The evidence m 1 case was minimal 
(case 15) The mucosa was pale and smooth 
but otherwise normal In the other case (case 
14) there were severe induration and thickening 
of the wall of the upper part of the esophagus 
The changes appealed to be due to a scleio- 
dermatous process 
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Esophagoscopic examination of patients who 
have scleroderma is often extiemely difficult If 
general anesthesia is employed, the procedure is 
much less formidable than m other circum- 
stances Pentothal sodium 'admimsteied intra- 
venously provides satisfactory anesthesia Tins 
drug was used m almost all the cases m our 
series in which esophagoscopic examination was 
performed 

Passage 0 } Esophageal Sounds — In 7 of the 
18 cases in which roentgenographic 01 endoscopic 
evidence was conclusive, esophageal sounds were 
passed over previously swallowed threads Con- 
siderable information concerning the nature of 
the obstructing lesions m the esophagus can be 
obtained from the passage of sounds In 1 case 
(case 13) a diagnosis was made of caidiospasm 
even though 1 oentgenographic studies failed to 
leveal any obstruction at the cardia Dilatation 
was performed for cardiospasm in 3 cases (cases 
9, 10 and 13) and foi lelief of dysphagia due 
to the strictuie associated with short esophagus 
in another 4 cases (cases 1, 2, 3 and 16) Relief 
or partial relief was obtained m all these cases, 
although recurrence of dysphagia at a later date 
was fairly common 

Symptomatology — In 34 of the 36 cases undei 
consideration a history of dysphagia could be 
obtained Most frequently the sense of obstruc- 
tion was localized by the patient to the lowei 
part of the esophagus A few patients com- 
plained of a sense of a lump m the upper part of 
the esophagus or even m the hypopharynx 
Those patients whose difficulty m swallowing 
consisted m difficulty in getting the food oft the 
back of the tongue because of fixation of the oral 
structures weie excluded from this series In 
some cases the difficulty in swallowing was 
intermittent In other cases the dysphagia was 
constant and progressive Variations of the 
degree of dysphagia frequently suggested that 
esophageal spasm was supei imposed on an 
organic obstruction 

Pam and burning on swallowing occurred m 
some cases More commonly patients com- 
plained of substernal burning an hour or more 
after eating or especially when they would lie 
down Frequently this distress was accom- 
panied with epigastric pam, often extending to 
the back Sometimes these symptoms were re- 
lieved by the ingestion of sodium bicarbonate 
or other antacid preparations 

The vasomotor phenomena associated with 
acrosclerosis almost invariably preceded the 
esophageal symptoms In most instances the 
sclerodermatous changes also preceded the dys- 


phagia or substernal burning Rarely the eso- 
phageal disturbance was responsible for the 
symptom of which the patient complained pri- 
marily (cases 3, 4 and 18) Actually the 
esophageal disturbance was most often a delayed 
manifestation of the disease This observation 
is in accordance with those of Hoesli, 17 who 
leviewed all reported instances of esophageal 
disturbance in association with scleroderma up 
to 1937 

Pi ognosis — As O’Leary and Waisman 20 have 
pointed out, the prognosis of acrosclerosis is 
considerably more favorable than that of diffuse 
scleroderma Many of these patients had had 
vasomotor symptoms for some years prior to the 
onset of cutaneous lesions Esophageal lesions 
tend to occur in cases of advanced acrosclerosis 
The occurrence of esophageal difficulties is often 
a bad prognostic sign However, in some of 
our cases (cases 1, 2, 5, 7 and 13) there was 
definite evidence that the dermatologic process 
had been arrested Diffuse scleroderma is 
almost invariably progressive The prognosis 
of the esophageal lesion is usually determined 
by the progress of the primary disease In many 
cases acrosclerosis appears to be self limited In 
these cases the esophageal symptoms are not 
difficult to control 

Treatment — It is not the province of this 
leport to discuss the treatment of acrosclerosis 
01 scleroderma However, the treatment of the 
esophageal lesion does merit consideration 
When the esophageal difficulties are obstructive, 
temporary relief can be obtained almost invari- 
ably by dilatation of the esophagus with sounds 
over a previously swallowed thread This 
method of treatment has been used both in the 
group of cases in which there was spasm at the 
cardia and in that m which there was strictuie 
of the lower part of the esophagus associated 
with shoit esophagus and intrathoracic stomach 
The 41 and 50 French sounds are used to dilate 
the caidia in those cases in which there is cardio- 
spasm In cases of cardiospasm associated with 
acrosclerosis or scleroderma, hydrostatic dilata- ■ 
tion is not advisable Sometimes the passage 
of the esophagoscope alone is enough to relieve 
the dysphagia of patients suffering from acro- 
sclerosis (cases 5, 6 and 14) The selection of 
sounds for use in dilating the esophageal stric- 
tures depends on the degree of obstruction and 
the firmness of the lesion Usually 29, 37 and ' 
45 French sounds may be passed successively 
m these cases It is not advisable to use sounds 

20 O’Leary, P A , and Waisman, M Acrosclerosis, 
Arch Dermat & Syph 47 382-397 (March) 1943 
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larger than the 45 Fiench sound m dilating 
organic lesions of the esophagus 

Frequently, repeated passage of sounds is 
necessary to maintain an adequate esophageal 
lumen In 1 of our cases (case 1) in which the 
esophagus was shortened and a stricture was 
present, dilation was performed on thirty-two 
occasions from 1926 to 1941, inclusive Fre- 
quent dilation was necessary in the early stages 
However, the intervals have become progies- 
sively longer and m recent years the patient has 
had little difficulty in swallowing 

COMMENT 

In this study it was apparent that esophageal 
disturbances occur almost exclusively in cases 
of acrosclerosis rather than in those of general- 
ized or diffuse scleroderma It is not our pur- 
pose to discuss here the dermatologic differential 
diagnosis between these syndromes However, 
it should be pointed out that the cutaneous 
lesions of acrosclerosis are confined to the hands, 
forearms, neck and upper part of the thorax, 
while diffuse scleroderma may involve the entire 
skin or the trunk, arms and hands The facial 
lesions of acrosclerosis are likely to involve the 
oral cavity and to spread to the esophagus When 
esophageal lesions are encountered in diffuse 
scleroderma, it is usually in those raie cases in 
which the scleroderma is cephalic in origin 
Hence esophageal lesions are likely to occur m 
those cases in which there is early involvement 
of the face 

The constant association of Raynaud’s phe- 
nomena with acrosclerosis suggests that a dis- 
turbance of the autonomic nervous system may 
be involved in the pathogenesis of acrosclerosis 
Inasmuch as an imbalance between parasympa- 
thetic and sympathetic innervation is reputed to 
be a factor in the production of cardiospasm 
and other functional disturbances of the esopha- 
gus, it may be inferred that some common 
etiologic factor exists for the vasomotor, derma- 
tologic and esophageal disturbances observed in 
acrosclerosis Unquestionably, visible altera- 
tions of the lining of the esophagus have been 
demonstrated m the course of necropsy as well 
as at esophagoscopic examination m many of 
the cases of acrosclerosis These changes aie 
comparable both grossly and microscopically to 
those observed in the skin However, theie 
have been a considerable number of cases in 
which the esophageal lining appeared normal or 
nearly normal It is postulated, therefore, that 
both organic changes in the walls of the esopha- 
gus and disturbances of its innervation may be 


involved m the disturbed function of the esopha- 
gus 

Obstruction to the passage of food is the most 
common esophageal symptom of which patients 
suffenng from acro t clerosis complain It is ap- 
paient from the records that these patients may 
have either oigamc lesions m the esophagus oi 
disturbances of function As has been pointed 
out by Kuie, 21 by Weissenbach 22 and by Lind- 
say, 11 and their respective associates, distur- 
bances of the motility of the esophagus may be 
demonstrated fairly early in the course of the 
disease By the aid of a stop watch, delay of 
the passage of barium may be detected before 
the patient complains of dysphagia The next 
change that is observed is a decrease or absence 
of the normal peristaltic movements of the 
esophagus Normally the muscular activity of 
the esophageal wall is responsible for the rapid 
passage of food into the stomach The peri- 
staltic movements normally propel the food 
through the esophagus, and the cardiac sphincter 
opens m response to peristaltic waves In the 
absence of muscular activity in the esophagus, 
giavity causes the food to pass slowly into the 
stomach The greatest obstruction is at the 
cardiac sphincter, because there has not been any 
peristaltic wave to inhibit its action In cases 
of more advanced acrosclerosis, gaping and 
ultimately dilatation of the esophagus take place 

Cardiospasm or achalasia of the esophagus 
may be defined as a dilatation of the esophagus 
in association with a nonorgamc obstruction at 
the caidia Cardiospasm is primarily a distur- 
bance of the function of the esophageal muscula- 
tuie This dysfunction is probably due to an 
imbalance of the autonomic innervation of the 
esophagus The explanation for the functional 
esophageal distui bailees in acrosclerosis is similar 
to that of cardiospasm except for the fact that 
m at least some instances sclerodermic changes 
m the esophageal wall are responsible for inade- 
quate muscular activity In other cases of acro- 
sclerosis changes m the esophageal wall aie not 
demonstrable, and it is possible that disturbances - 
of the autonomic nervous system are a factoi 
in such cases The occurrence of esophageal 
troubles after the onset of the vasomotoi dis- 
turbances in the upper extremities and some- 
times either before oi coincident with cutaneous 

21 ICure, K., and Hiyoshi, J Sklerodermie nut 
Muskeldystrophie, Ztschr f d ges Neurol u Psjclnat 
156 36-44, 1936 Kure, Yamagata, Tsukada and 
Hiyoshi 8a 

22 Weissenbach, R J , Stewart, W , and Hoesli, H 
Les troubles fonctionnels oesophagiens et les lesions de 
l’oesophage dans la sclerodernue, Bull Soc frang de 
dermat et syph ii 1060-1063 (June 10) 1937 
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lesions suggests that the origin of the entire 
syndrome possibly may be in the autonomic 
nervous system 

The occurrence of hiatal hernia m association 
with acrosclerosis is more difficult to explain 
than that of cardiospasm The characteristic 
“hidebound” appearance of patients suffering 
from acrosclerosis and scleroderma is due to the 
contraction of the skm over the affected parts 
When sclerosis takes place m the connective 
tissue of the esophageal wall it is probable that 
there is an actual shortening of the esophagus 
The cardiac portion of the stomach is pulled 
up into the thorax through the hiatus of the 
diaphragm The typical appearance of short 
esophagus with hiatal hernia may be produced 

At this point it is desirable to discuss briefly 
shortening of the esophagus as it occurs in 
persons who are otherwise normal The roent- 
genographic appearance of hiatal hernia of the 
short esophagus type is characteristic The 
lower part of the esophagus lacks redundancy 
The anterior and left lateral angulation of the 
esophagus just above the diaphragmatic hiatus 
is absent The herniated portion of the stomach 
above the diaphragm appears as a pouch, which 
sometimes is confused with the phrenic ampulla 
of the esophagus In some instances the char- 
acteristic pattern of the gastric mucosa may be 
discerned on roentgenoscopic examination At 
esophagoscopic examination the lower part of 
the esophagus is observed to be a straight tube 
There is gaping of the lowermost portion of the 
esophagus, and the usual tonic closure between 
esophagus and stomach is absent The dark red 
appearance of the gastric mucosa stands out m 
sharp contrast to that of the pale esophageal 
mucosa If necessary, tissue may be taken from 
the esophagogastric junction m order to demon- 
strate conclusively that the gastric mucous mem- 
brane is present above the diaphragmatic hiatus 

With hiatal hernia of the short esophagus type, 
the sphmctenc property of the cardia is no 
longer present When the patient is in the 
recumbent position, gastric secretions freely re- 
gurgitate into the esophagus The esophageal 
lining is unable to resist the digestive action of 
the gastric acids and enzymes Inflammation 
and ulceration take place m the lower part of 
the espphagus The patient often complains of 
substernal burning, especially when lying down 
Alternate ulceration and healing m the lower 
part of the esophagus often result m strictures of 
this segment of the esophagus and of the esopha- 
gogastric junction Actual ulceration m the 
hernial sac is much less common than in the 
esophagus When ulceration is present in 


the herniated gastric mucosa, it is usually trau- 
matic m origin 

The organic stenosis that occurs with short 
esophagus is confused frequently with carcinoma 
of the lower part of the esophagus and with 
cicatricial stricture of the esophagus due to other 
causes It must be borne in mind that repeated 
ulceration and scarring of the lower part of the 
esophagus result in progressive shortening of 
the esophagus We are m agreement with 
Allison and his associates, 23 who have stated 
their belief that short esophagus is more often 
acquired than congenital m origin 

The foregoing considerations are applicable to 
all hiatal hernias of the short esophagus type, 
including those that occur in association with 
acrosclerosis In this series, a roentgenologic 
diagnosis of hiatal hernia was confirmed m 5 
cases by esophagoscopic examination Gastric 
mucosa was identified readily above the diaphrag- 
matic “pmchcock” m each case, and m 1 instance 
biopsy of tissue from the esophagogastric junc- 
tion clearly revealed gastric mucosa In 2 other 
instances biopsy was performed on tissue from 
regions denuded of mucosa in order to exclude 
neoplastic disease The 5 cases illustrate the 
several stages of development, namely, simple 
hiatal hernia, hernia with ulceration of the 
esophagogastric junction and hernia with stric- 
ture of the lower part of the esophagus One 
of our patients was observed at a later stage by 
Lindsay and his associates At the time of our 
examination a hiatal hernia associated with 
severe ulceration was found, but no stenosis 
had occurred When this patient was examined 
by Lindsay and his associates, they described 
a moderate degree of stenosis Although Lind- 
say and his associates interpreted this lesion 
as a stricture of the esophagus above the phrenic 
ampulla, they did state that the mucosa below 
the stricture was darker than that of the esopha- 
gus and that the color approximated that of 
gastric mucosa 

It is of interest that m 2 of our cases the, 
roentgenologist described the feature of cardio- ' 
spasm m addition to those of hiatal hernia with 
intrathoracic stomach The absence of normal 
muscular activity, the esophageal dilatation, the 
abnormal behavior of the cardiac sphincter and 
the shortening of the esophagus must all con- 
tribute to the esophageal disturbance The 
sclerosis of the connective tissues of the esopha- 
gus must be considered the basic factor in the 
causation of the esophageal symptoms and signs 

23 Allison, P R , Johnstone, A S , and Rojce 
G B Short Esophagus with Simple Peptic Ulcer 
ation, J Thoracic Surg 12 432-457 (June) 1943 
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Disturbances of the mneivation of the esophageal 
musculature also may play an important part 
The development of hiatal hernia associated with 
peptic ulceration of the lower part of the esopha- 
gus and resultant stenosis appears to be a 
secondary piocess 

REPORT Or CASES 

Case 1 — The patient, a single woman aged 48, regis- 
tered at the clime on June 16, 1922 Her vasomotor 
symptoms had begun in 1909, but her cutaneous lesions, 
which involved her hands, feet and face, had not 
begun until 1918 

A dermatologic diagnosis of acrosclerosis was made 
On roentgenographic examination it was evident that 
the esophagus was shorter than normal and that there 
were a hiatal hernia and a stricture at the esophago- 
gastric junction Esophagoscopic examination was not 
performed 

At the patient’s first visit to the clinic her condition 
was recognized as a vasomotor type of scleroderma 
Her esophageal symptoms began in 1923 Dysphagia 
consisted in obstruction to passage of food in the lower 
part of the substernal region On thirty-two occasions 
from 1926 to 1941, inclusive, the stricture was dilated, 
the largest sound used being a 45 French sound The 
dysphagia always was relieved by dilation, and as 
the years have passed the intervals between dilations 
have become increasingly longer Bilateral cervico- 
thoracic ganglionectomy was performed in June 1929 
There was improvement after the operation, and sclero- 
derma has not progressed 

Case 2— -The patient, a married woman aged 48, 
registered at the clinic on Nov 25, 1942 Her vaso- 
motor symptoms had begun m 1919, her cutaneous 
lesions, which involved her hands, feet and face, prob- 
ably had begun in 1941, and her esophageal symptoms 
had begun in March 1942 



Fig 1 — Esophageal hiatal hernia of short esophagus 
type with 'stricture at the esophagogastric junction 
with associated esophageal dilatation (a) Anteropos- 
terior view, ( b ) lateral view 

A dermatologic diagnosis of acrosclerosis was made 
On roentgenographic examination it was evident that 
the esophagus was shorter than normal and that there 
were a hiatal hernia and a stricture at the esophago- 


gastric junction The esophagoscopic examination like- 
wise showed a short esophagus with mtrathoracic 
stomach and a stricture at the esophagogastric junction 
At biopsy of tissue from the esophagogastric junction 
the tissue was obsened to have been the site of inflam- 
mation 

The stricture was dilated, the largest sound used being 
a 45 French sound 



Fig 2 — Hiatal hernia of the short esophagus t>pe 
with about 2 inches (5 cm) of the stomach above the 
diaphragm At esophagoscopic examination severe 
ulceration of the lower part of the esophagus and at 
the esophagogastric junction was observed There was 
no dysphagia at the time of our examination This 
patient was examined some time later bv Dr Lindsaj 
(Lindsay, Templeton and Rothman, 11 case 3) By this 
time a definite stricture had formed 

In this case there was a historj of Rajnaud’s dis- 
ease over a long period The cutaneous changes had 
been recent and insidious in their onset Dysphagia 
had been present for nine months when the patient 
came to the clinic Dilation relieved the djsphagia 
Bilateral cervicotlioracic ganglionectomy was performed 
at the clime The patient returned for a recheck Aug 
10, 1943 At that time her condition was definitely 
improved, and there was no dysphagia 

Case 3 — The patient, a married woman aged 61, 
registered at the clinic May 25, 1942 The vasomotor 
symptoms and the cutaneous lesions, which involved the 
hands, arms, face and thorax, had begun, apparently 
simultaneously, in 1938, but the esophageal symptoms, 
of which the patient complained primarily, had not 
begun until the autumn of 1939 Food had seemed to 
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stick in the lower part of the substernal region 
Dilation of the esophagus had given relief 

A dermatologic diagnosis of acrosclerosis was made 
Roentgenographic examination showed cardiospasm 
with 1 inch (2 5 cm ) of stomach above the diaphragm 
(fig 1) On esophagoscopic examination it was observed 
that there was esophageal hiatal hernia with secondary 
stricture at the esophagogastric junction The mucosa 
was thin, and there were induration and fixation of the 
esophageal wall The mucous membrane below the 
stricture was of the gastric type On biopsy of a 
specimen of gastric mucous membrane, the tissue was 
observed to have been the site of inflammation 

The stricture was dilated on May 28, 1942 and on 
April 21, 1943, the largest sound used at each dilation 
being a 45 French sound Dysphagia improved after 
each dilation In November 1943, the patient’s physi- 
cian wrote that she was having trouble with her feet, 
with ulcers about the ankles 

Case 4 (reported by Lindsay, Templeton and Roth- 
man as their case 3) — The patient, a man aged 46, 
registered at the clinic on July 27, 1942 His illness 
had begun in October 1940, with pam in the epigastrium 
and the lower part of the substernal region, chiefly at 
night This was the symptom of which the patient 
complained primarily The syndrome was typical of 
hiatal hernia There was no dysphagia The vasomotor 
symptoms had begun in January 1941, and the cutaneous 
lesions, which involved the hands, arms, abdomen and 
face, had begun in September of the same year In 
other words, Raynaud’s phenomena had preceded the 
cutaneous lesions 

A dermatologic diagnosis of acrosclerosis was made 
On roentgenographic examination an esophageal hiatal 
hernia, with about 2 inches (5 cm ) of stomach above 
the diaphragm, was observed Otherwise, the stomach 
was normal (fig 2) Esophagoscopy revealed a hiatal 
hernia, with severe ulceration and erosion at the 
esophagogastric junction and in the hernial sac itself 
Biopsy of removed tissue disclosed that the tissue had 
been the site of inflammation Since there was no 
dysphagia, dilation was not performed 

Case 5 — The patient, a single woman aged 41, reg- 
istered at the clinic on Aug 12, 1935 Her vasomotor 
symptoms had begun in 1929, and her cutaneous lesions, 
which involved her hands, feet and face, had begun in 
1931 The esophageal symptoms had not begun at the 
time of her first registration A dermatologic diagnosis 
of acrosclerosis was made The condition, primarily 
Raynaud's syndrome followed by thickening of the skin, 
was more or less stationary from 1935 to 1943 

In August 1940, esophageal symptoms began Dys- 
phagia was intermittent and was suggestive of spasm 
At times there was subxiphoid pain on swallowing On 
roentgenographic examination in 1941, hiatal hernia 
with a small segment of the stomach above the dia- 
phragm was observed There was some indication of 
cardiospasm, but this was doubtful Esophagoscopy 
disclosed a small hiatal hernia and ulceration at the 
esophagogastric junction 

Dilation was not performed The esophageal symp- 
toms were relieved entirely by the passage of the 
esophagoscope in 1941 The patient has not had any 
trouble since 

Case 6 — The patient, a married woman aged 62 
years, registered at the clinic on Sept 14, 1943 Her 
vasomotor symptoms had begun in 1926, and her 
cutaneous lesions, which involved her hands, face and 
feet, had begun in 1933 In other words, a typical 


Raynaud syndrome had preceded cutaneous imohement 
by several years Esophageal symptoms had begun in 
1939 They consisted in epigastric and substernal burn- 
ing pain, symptoms typical of hiatal hernia Nocturnal 
pam referred to the thoracic segment of the spinal 
column waked the patient from sleep There was slight 
dysphagia at times 

A dermatologic diagnosis of acrosclerosis was made 
Roentgenographic examination revealed an esophageal 
hiatal hernia with about 1 inch (2 5 cm ) of stomach 
above the diaphragm On esophagoscopic examination 
a small hiatal hernia was observed, but there was no 
ulceration Dilation was not done 

Case 7 — The patient, a married woman aged 50, 
registered at the clinic on Nov 24, 1936 Raynaud’s 
phenomena and dysphagia had begun in 1914 at about 
the same time The dysphagia had been progressive. 



Fig 3 — Diffuse dilatation of the lower half of the 
esophagus This suggests cardiospasm, but no definite 
obstruction at the cardia was demonstrated 


and the patient was able to sw r allow only liquids when 
she came to the clinic The onset of the cutaneous 
lesions, which involved the hands and perhaps the face, 
was insidious and occurred about 1926 For nine jears 
before her admission to the clinic the patient had had 
deposits of calcium in her finger tips and toes 

A dermatologic diagnosis of acrosclerosis was 
made On roentgenologic examination a short esophagus 
with intrathoracic stomach and stricture at the esopha- 
gogastric junction was observed Esophagoscopic exam- 
ination was not done 

Bilateral thoracic sympathectomy was pcriormed 
The patient’s dysphagia improved postoperatneh, and 
therefore dilation was not done According to letters 
of 1941, the results of sympathectomy were good 
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Case 8 — The patient, a single woman aged 45, reg- 
istered at the clinic on Oct 1, 1940 The vasomotor 
symptoms and the cutaneous lesions, which involved 
the hands, face and mouth, had begun at about the 
same time in 1929 or 1930 The patient had never 
had much dysphagia, but she had had substernal burning 
for years The onset of this had been about 1930 

A dermatologic diagnosis of acrosclerosis was made 
Roentgenographic examination disclosed diffuse dilata- 
tion of the lower half of the esophagus, which suggested 
cardiospasm, but no definite obstruction was observed 
(fig 3) Neither esophagoscopic examination nor dila- 
tion was done No treatment was advised 

Case 9 — The patient, a man aged 40, registered at 
the clinic on July 16, 1941 Vasomotor symptoms had 
begun in 1938 Sensitivity to cold had developed a fdw 
months before the cutaneous lesions appeared in 1939 
The latter involved the hands, face, neck, thorax and 
back Scleroderma had advanced rapidly, and when 
the patient was seen at the clinic it was more or less 
generalized The patient’s condition was poor Dys- 
phagia, consisting of a sense of obstruction in the lower 
part of the substernal region and also at the cricoid 
level, had begun in 1940 



Fig 4 — Cardiospasm with moderate dilatation of the 
esophagus in a case of acrosclerosis (a) Anteropos- 
terior view , (b) oblique view 


A dermatologic diagnosis of acrosclerosis was made 
On roentgenographic examination cardiospasm with 
slight dilatation of the esophagus was observed Esopha- 
goscopic examination was not done 

Dilation relieved the dysphagia The largest sound 
passed was a 50 French sound 

Case 10 — The patient, a man aged 55, registered at 
the clinic on July 3, 1943 His vasomotor symptoms 
had begun in 1929, and his cutaneous lesions, which 
involved his hands, feet, face, mouth and lips, had begun 
about 1931 Bilateral cervicothoracic ganghonectomy 
had been performed m July 1933 Esophageal symptoms 
had begun m 1936 There was obstruction to passage 
of food at the cardia In 1937 roentgenographic exam- 
ination had showed slight cardiospasm In the same 
year dilatation to a 60 French sound had relieved the 
obstruction, but there was a slight recurrence of obstruc- 
tion in 1943 

A dermatologic diagnosis of acrosclerosis was made 
When the patient was seen in August 1943, there was 
evidence of slight progression, especially m the face 
and mouth Calcinosis of the fingers had devloped 


Roentgenographic examination showed cardiospasm with 
moderate dilatation of the esophagus (fig 4) Esophago- 
scopic examination was not done 

Case 11 — The patient, a married w'oman aged 47, 
registered at the clinic on Oct 31, 1938 Vasomotor 
symptoms had begun m 1913, but cutaneous lesions had 
not begun until 1933 The latter, which involved the 
fingers, toes, face, shoulders and thorax, w'crc slowly 
progressive Rather vague dysphagia had begun about 
1936 

A dermatologic diagnosis of acrosclerosis was made 
Roentgenographic examination gave evidence of cardio- 
spasm Neither esophagoscopic examination nor dila- 
tion was performed From subsequent correspondence 
there was not much change of the patient’s status In 
this case the condition was advanced 

Case 12 — The patient, a married woman aged 42, 
registered at the clinic on Aug 18, 1937 The vaso- 
motor symptoms, a tjpical Raynaud syndrome, had 
begun in 1932 The cutaneous lesions, involving the 
hands, face and thorax, had begun w 1936 The skin 
of fingers and face became tightened 

A dermatologic diagnosis of acrosclerosis was made 
Bilateral cervicothoracic ganghonectomy was performed, 
but the results were not good About 1940 esophageal 
symptoms began The patient described recurring 
episodes of obstruction to passage ol food m the lower 
part of the esophagus Roentgenographic examination in 
1941 showed evidence of cardiospasm In 1944 dilation 
was performed on two occasions to relieve djspliagia 
Good results were obtained 

CAsr 13 — The patient, a married woman aged 61, 
registered at the clinic on June 6, 1933 Tjpical Ray- 
naud’s phenomena had begun m 1913 There had been 
ulceration of the finger tips and progression to the 
feet The cutaneous lesions, which involved the hands, 
forearms, face, neck and feet, had begun in 1928 Djs- 
phagia had begun at the same time as the cutaneous 
lesions, but it was intermittent Food stuck above the 
cardia The attacks of dysphagia came on suddenlj, 
and sometimes complete obstruction persisted for 
twenty-four hours The patient could feel the cardia 
open and food drop through 

A dermatologic diagnosis of acrosclerosis was made 
On roentgenographic examination it was observed that 
the esophagus was normal but that a duodenal ulcer 
was present Esophagoscopic examination was not 
performed Dilation revealed and relieved spastic 
obstruction at the cardia The laigcst sound passed 
was a 41 French sound 

The latest letter from the patient, dated 1935, two 
> r ears after dilation, stated that the dysphagia had 
recurred but that the cutaneous lesions were stationary 

Case 14 — The patient, a married w’oman aged 44 
registered at the clinic on Dec 9, 1942 Raynaud’s 
phenomena had begun in October 1941, and cutaneous 
lesions, involving the hands, feet, face and thorax, had 
begun m May 1942 Esophageal symptoms had begun in 
July 1942 Pam and a sense of obstruction in the upper 
part of the esophagus were present on swallowing 

A dermatologic diagnosis of acrosclerosis was made 
Roentgenographic examination showed that the esopha- 
gus and stomach were normal On esophagoscopic 
examination thickening of the mucosa of the upper part 
of the esophagus and loss of elasticity of the esophageal 
wall were observed These were interpreted as sclero- 
dermic changes Apparently there was some relief of 
the esophageal symptoms aftei passage of the esophago- 
scope, but subsequent progress has not been favorable 
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Case 15 — The patient, a man aged 48, registered 
at the clinic on June 8, 1033 Typical Raynaud’s 
phenomena of the hands had begun in October 1928, and 
their onset had been followed by sclerodermic changes 
of the hands in April 1929 Ulceration of the finger 
tips occurred Later the sclerodermic changes had 
involved the face, feet and toes Dysphagia, consisting 
of a sense of tightness in the throat, making swallowing 
difficult, had begun in 1930 Bilateral cervical sym- 
pathectomy in 1931 had produced temporary relief 
A dermatologic diagnosis of acrosclerosis was made 
On roentgenographic examination a normal esophagus 
and stomach were observed Esophagoscopy showed 
pallor of the mucous membrane but no changes of motil- 
ity Dilation was not done Bilateral cervicothoracic 



Fig 5 — Short esophagus with hiatal hernia and 
stricture at the esophagogastric junction in a case of 
acrosclerosis 


ganghonectomy produced relief of the cutaneous symp- 
toms for only a few months The patient died in 
July 1935 

Case 16— The patient, a married women aged 39, 
registered at the clinic on May 15, 1944 Vasomotor 
symptoms had developed in 1939, and cutaneous lesions, 
which involved the hands, face and feet, had developed 
in the following year Since 1941 there had been 
progressive dysphagia with obstruction to the passage 
of food in the lower part of the esophagus The patient’s 
diet had been restricted to fluids for three months prior 
to registration 

A dermatologic diagnosis of advanced acrosclerosis 
was made On roentgenographic examination an 


esophageal hiatal hernia of the short esophagus type, 
with about 2 inches (5 cm ) of stomach above the 
diaphragm, was observed (fig 5) There was definite 
narrowing at the esophagogastric junction There ap- 
peared to be associated spasm at the cardia The 
pronounced thickening and rigidity of the mucosa of the 
esophageal entroitus prevented a satisfactory esophago 
scopic examination Dilation was performed over a 
previously swallowed thread, and the stricture was 
dilated to a 43 French sound Striking relief from 
dysphagia was obtained 

Case 17 — The patient, a married women aged 34, 
registered at the clinic on Jan 21, 1941 In 1934 she 
had noted tingling and numbness in the fingers In the 
ensuing few months cutaneous lesions had developed 
on haijds, shoulders, neck and face In 1936 deformities 
of the hands had appeared, and the sclerodermatous 
process had become more generalized The dermatologic 
diagnosis was acrosclerosis with beginning involution 
and deposits of calcium in the finger tips 

There was no dysphagia at the time of the patient’s 
first visit in 1941 Difficulty in swallowing developed 
within the next year and was rapidly progressive 
Laparotomy was carried out elsewhere in 1942, and 
retrograde dilation of a stricture at the cardia was per- 
formed This procedure was effective m relieving the 
dysphagia, and the patient has had little difficulty in 
swallowing since that time When she returned to 
the clinic m 1944 severe destruction of the phalanges 
of both hands had occurred Roentgenographic studies 
levealed a short esophagus with a short intrathoraeir 
segment of stomach and narrowing at the csophagogas 
trie junction No peristaltic movements of the esophag- 
eal wall were noted 

Case 18 — The patient, a man aged 56, registered at 
the clinic on Sept 22, 1944 His vasomotor symptoms 
had begun in the spring of 1943, when he first noted 
pain and pallor of Ins hands and arms on exposure to 
cold At the onset of his trouble swelling of his 
hands developed, but this symptom disappeared m the 
course of several months He then noted stiffness in 
the skin of the face, neck and upper extremities 
Dysphagia had been noted in May 1944, and this had 
been progressive 

A dermatologic diagnosis of acrosclerosis was made 
Roentgenoscopic examination of the esophagus revealed 
diffuse dilatation with absence of peristaltic movements 
No obstruction was detected at the cardia Esophago- 
scopic examination was performed The esophageal 
mucosa was found to be atrophic There was no ob- 
struction to the passage of the csophagoscopc Dilation 
was not carried out in this case No further word has 
been received from this patient since his dismissal on 
Sept 29, 1944 

SUMMARY 

Approximately 10 per cent of patients suffer- 
ing from acrosclerosis or scleroderma made com- 
plaints i eferable to the esophagus The most 
common complaint was dysphagia Frequenth 
there was also substernal burning after meals, 
especially when the patient was lying down 

Positive roentgenographic or endoscopic evi- 
dence was demonstrated m 18 cases Dilatation 
of the esophagus similar to that seen m cardio- 
spasm was observed m 7 cases, and hiatal hernia 
with mtrathoracic stomach was demonstrated in 
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9 cases In 2 other cases, scleiodeimic changes 
were demonstrated in the esophageal wall 

Acioscleiosis should be distinguished fiom 
other forms of scleioderma In acioscleiosis the 
phenomena of Raynaud’s disease are present 
prior to the deimatologic changes or coincident 
with them Thnty-three of the 36 patients who 
had esophageal symptoms piesented the clinical 
syndrome of acrosclerosis All the IS patients 
for whom conclusive loentgenographic or endo- 
scopic evidence was obtained had acrosclerosis 
The basic alteration in aci osclerosis and sclero- 
derma is sclerosis of the connective tissues of the 
body Sclerodeimic changes in the connective 
tissues of the esophagus are chiefly responsible 
for the esophageal disturbances It should be 
emphasized that esophageal disturbances are ex- 
tremely uncommon in Raynaud’s disease per se 
Reduction or absence of muscular actnity in the 


wall of the esophagus and shortening of the 
esophagus appaicntly icsult from sclerodermic 
involvement Distui bances of the autonomic ner- 
vous system may play some part in the causation 
Clinical diagnoses of cardiospasm and hiatal 
hernia of the short esophagus type are made most 
frequently in these cases Stenosis of the lover 
part of the esophagus and esophagogastric junc- 
tion may occur with hiatal hernia as the result of 
chronic inflammation of the lower part of the 
esophagus This inflammation is the result of 
incompetence of the cardiac sphinctei with regur- 
gitation of gastric secretions 

The treatment of the esophageal lesions of 
aci osclerosis consists of the passage of sounds 
over a previously swallowed thread Fairly 
satisfactory results ha\e been obtained The 
esophageal stenosis of 1 of these patients has 
been tieated satisfactorily o\er a sixteen year 
period by repeated dilations 



NEUROLOGIC COMPLICATIONS DURING MENINGOCOCCIC 
MENINGITIS TREATED WITH SULFONAMIDE DRUGS 

LIEUTENANT (jg) THOMAS W FARMER, MC-S, USNR* 


The puipose of this presentation is to outline 
the clinical course and prognosis in a variety of 
neurologic complications of meningococcic men- 
ingitis During the epidemic years of 1942, 
1943 and 1944, approximately 300 cases of 
meningococcic meningitis were reviewed by me 
at four hospitals 1 About 100 cases involving 
children were included m this series Of the 
300 cases focal neurologic complications were 
observed to develop m 26 during the course 
of meningococcic infections In each of these 
26 cases it was ascertained that the paralysis did 
not exist before the onset of the meningeal infec- 
tion and also that no other neurologic disease 
was present concomitantly with the meningitis 
Detailed clinical information concerning the on- 
set and severity of these sequelae was collected 
for this study 

An etiologic diagnosis was established in 24 
of these 26 cases by the isolation of meningococci, 
group I, from the cerebrospinal fluid In the 
remaining 2 cases presumptive diagnoses were 
based on the observations of meningeal signs, 
a petechial cutaneous eruption and purulent 
cerebrospinal fluid All 26 patients received sul- 
fonamide therapy Sixteen received sulfadiazine , 
7 were treated with sulfamerazine , 2 received 
sulfapyrazme, and 1 was treated with sulfathia- 
zole They all recovered 

The neurologic complications observed in 
these cases were of two groups cranial nerve 
paralyses and cerebral disorders Since cranial 

This article has been released for publication by 
the Division of Publications of the Bureau of Medi- 
cine and Surgery of the United States Navy The 
opinions and views set forth are those of the writer 
and are not to be construed as reflecting the policies 
of the Navy Department 

* Formerly from the Biological Division, Medical 
Clinic, the School of Medicine, Johns Hopkins Uni- 
versity and Hospital 

Dr Derek Denny-Brown, Dr Conrad Wesselhoeft and 
Dr George Thorn, the chiefs of service at these hospitals, 
gave permission for the presentation of these cases 

1 These cases were studied at the Johns Hopkins 
Hospital in Baltimore and at the Boston City Hospital, 
the Massachusetts Memorial Hospitals (John C Haynes 
Memorial) and the Peter Bent Brigham Hospital in 
Boston 


nerve palsies were much more common than 
cerebial complications, they are presented first 

CRANIAL NERVE PARALYSES 

Descriptions of involvement of cranial nerves 
m meningococcic meningitis occur m the earliest 
leports of the disease Before serum treatment 
was instituted, in 1907, paralyses of the sixth, 
seventh and eighth cranial nerves were repeat- 
edly observed Bilateral involvement of the 
auditory nerves with permanent deafness was 
well known as one of the serious complications 
in recovered patients During the period of 
serotherapy, from 1907 to 1936, the same cranial 
nerve palsies were described With chemo- 
therapy reports of similar cranial nerve paralyses 
have appeared These palsies usually involve 
a single nerve or pair of neives Involvement 
of multiple cranial nerves rarely occurs 

PARALYSIS OF THE SIXTH NERVE 

Paralysis of the sixth cranial nerve with loss 
of function of the lateral rectus muscle prevents 
the eye from moving outward beyond the mid- 
lme Diplopia m the field of this paralysis is 
the result Pseudoptosis of the eyelid on the 
side of the paralyzed muscle may be present 
Abducens nerve palsy is the most common 
lesion of the extraocular muscles in meningo- 
coccic meningitis It occurred frequently before 
the onset of serotherapy 2 and has remained com- 
mon with serum and sulfonamide treatment 3 

2 (a) Davis, A E Eye Symptoms of Cerebro- 
spinal Meningitis, M News, New York 86 644, 1905 
(b) Hutinel, V, and Voism, R Maladies des men- 
inges, in Gilbert, A , and Thoinot, L Nouveau traite 
de medecine et de therapeutique, Pans, J B Baillierc 
et fils, 1912, vol 35 

3 (a) Sinclair, W The Ocular Complications of 

Cerebro- Spinal Fever, Tr Ophth Soc U Kingdom 
39 233, 1919 (b) Neal, J B Epidemic Meningitis, 

in Abt, I A Pediatrics, Philadelphia, W B Saun- 
ders Company, 1925, vol 6, chap 158, p 422 (c) 

McLean, S , and Caffey, J P * Endemic Meningococ- 
cus Meningitis The Clinical Manifestations in Infancv 
and in Early Childhood, Am J Dis Child 35 357 
(March) 1928 (d) Borovsky', M P A Clinical 

(Footnote continued on i ex' page) 
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It occurs with similai frequency in children and 
in adults The incidence of this complication has 
varied from 4 to 20 pei cent in various epi- 
demics, with an average of 10 per cent Re- 
cently Harries 31 reported stiabismus in IS per 
cent of 500 patients treated with sulfonamide 
diugs Thus theie has been no decline m the 
incidence of this complication as a result of 
sulfonamide treatment Indeed, no decline 
should really be expected, since the sixth nerve 
is involved earl) in the course of the disease 
In the majority of patients it is noted on the 
fiist physical examination aftei admission to the 
hospital 8c The involvement is most often um- 
lateial With recovery of the patient, the paral- 
vsis usually cleais completely Although the 
prognosis is good, rare cases of peimanent 
abducens nerve paralysis have been noted ■ ,n> *' 
fn such patients operative tieatment, with ad- 


tions when they were admitted to the hospital 
Six of the patients presented relatncly mild 
clinical pictuies All of these patients weie 
conscious on entry to the hospital, and they com- 
plained of diplopia along with their meningeal 
symptoins The other 3 patients were comatose 
Seven of the patients had unilateral involvement, 
with partial oi complete loss of function of one 
of the external leclus muscles Two patients 
had complete bilalcial sixth ncive paialysis At 
the time of onset of paralysis the cerebrospinal 
fluid was purulent in e\cry case, and usually it 
was under greatly increased pressure All 7 
patients with unilateral abducens nerve paralysis 
icgained complete return of function of the nene 
imohed In 5 of the 7 patients, function re- 
lumed m less than two weeks In the othei 
2 patients, reco\eiy occurred in six and eleven 
weeks Of the 2 patients with bilateral sixth 


Table 1 — Sixth Nerve Paialysis Dining MciungoLVccic Meningitis 
Mno Patients, Boston and Baltimore, 19121011 





Onset ol Sixth None Pnraljsls 

Complete 

IXcoter} of 

Sixth 2>cn i 
Dinction 

n n ecks 

I dnjs 

1 neck 

2 n teks 

1 daj 

l> necks 

0 dn>s 

On so 

(Hospital) 

Case 1 (BOH) 

Case 2 (JHH) 

Case 3 (PBBH) 

Case 4 (JHH) 

Case 5 (JHH) 

Case 6 (JHH) 

Case 7 (JHH) 

Age, 

Years 

21 

17 

34 

19 

2G 

oG 

13 

Day ol 
Patient's 
Meningitis 

1st 

1st 

2d 

2d 

3d 

3d 

4th 

Unilateral or 
Bilateral 

Unilateral 

Unilateral 

Unilateral 

Unilateral 

Unilateral 

Unilateral 

Unilateral 

O robrosplnnl 

PJu Id 

Dirulent 

Purulent 

Purulent 

Purulent 

Purulent 

Purulent 

Purulent 

Case S (JHH) 

29 

3d 

Bilntcral 

Purulent 

S months (right) 

S months (leit) 

Case 9 (JHH) 

30 

5th 

Bilateral 

Dirulent 

1 month (left) 
Xothnonn (right) 


vancement oi lesection of the external rectus 
muscle, may be advisable after diplopia has per- 
sisted for more than a year However, the 
lesults are not uniformly successful 

In my study 9 patients with sixth neive 
paralysis during menmgococcic meningitis were 
carefully followed (table 1) The ages of the 
patients varied from 13 to 56 years Paialysis 
developed early m the couise of the meningeal 
infection It appeared on the first to the fourth 
day m 8 patients and on the fifth day m 1 
Weakness of the abducens nerve was noted in all 
9 at the time of the patients’ physical exanuna- 

Study of Meningococcus Meningitis and An Analysis of 
One Hundred and Ninety Cases Observed m a Period of 
Eighteen Months, Am J M Sc 179 82, 1930 ( e ) 

Lems, P M Ocular Cornpircafrons of Menitigococcic 
Meningitis Observations in Three Hundred and Fifty 
Cases, Am J Ophth 23 617, 1940 (/) Harries, G E 
Cerebrospinal Fever A Review of Five Hundred 
Eases Treated by Chemotherapy Without Intrathecal 
Serum, Brit M J 2 423, 1942 (g) Keefer, C S 

The Treatment of Bacterial Meningitis, M Clin North 
America 25 1287, 1941 


neive paralysis, 1 regained complete function ot 
both external rectus muscles after eight months 
The othei regained complete function of the left 
abducens nene one month after the onset of 
meningitis However, paralysis of the right 
sixth neive was still present at that time Sub- 
sequent examination of this patient has been im- 
possible 

The clinical picture of unilateral and bilateral 
abducens nene paralysis is illustrated by 2 cast 
histones 

Umlcitacil Paialysis of the Sirth Nerve 

Case 7 — D S , a 13 year old Negro girl, was ad 
nutted to the Johns Hopkins Hospital on May 22, 1943 
with stiff neck and chills of four days’ duration Foui 
days before her admission severe headache and shaking 
chills developed Milder headache persisted on the fol 
lowing day Recurrent chills and stiffness of the neck 
developed on the day before her entry On admission 
to the hospital she was complaining of severe head- 
ache, stiff neck and double vision 

Physical examination revealed a temperature of 103 F 
(rectally) The patient was drowsy and had a stiff 
neck and bilateral Kernig signs There was complete 
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paralysis of the right external rectus muscle, with no 
other abnormal neurologic features 

Lumbar puncture at the time of her admission yielded 
purulent cerebrospinal fluid under an initial pressure 
of 410 mm of fluid The fluid contained meningo- 
cocci, group 1 The patient received sulfamerazine 
therapy, and her temperature reached normal after 
three days She continued to see double when she 
looked to the right However, diplopia soon disap- 
peared, and she regained full power of the right exter- 
nal rectus muscle six days after the onset of the nerve 
weakness The meningeal signs disappeared at the 
same time, and she was discharged from the hospital in 
good health on June 4 

Bilateral P dialysis of the Sixth Nerve 

Case 8 — S L , a 29 year old married white house- 
wife, was admitted to the Johns Hopkins Hospital on 
March 12, 1942, with the complaints of headache and 


PARALYSIS OF THE SEVENTH NERVE 

Peripheral seventh nerve palsy results in loss 
of the function of all the muscles of facial expres- 
sion on the affected side This paralysis affects 
the forehead and eyelids as well as the muscula- 
ture of the cheeks and mouth With diplegia the 
face becomes masklike and motionless The 
patient may also note a loss of the sense of taste 
on the anterior two thirds of the tongue as a 
result of interference of conduction through the 
chorda tympani 

Facial paralysis during the couise of menmgo- 
coccic meningitis has received only bnef mention 
in the literature An occasional refeience to 
umlateial involvement of the seventh nerve ap- 


Tajble 2 — Seventh Nave Pm alysis Dining Memngococcic Meningitis 

Nino Patients, Boston and Baltimore, 1612 1611 





Onset of racial Nerve Paralysis 




Day of 



Recovery 

Case 

Age, 

Patient’s 

Unilateral or 

Cerebrospinal 

of Facial 

(Hospital) 

Years 

Meningitis 

Bilateral 

Tluid 

Paral>sis 

Case 10 (UMH) 

15 

5th 

Unilateral 

Not examined 

5 months. 





that day 

complete 

Case 11 (UMH) 

G 

5th 

Unilateral 

Not examined 

2 dayB, 





that day 

complete 

Case 12 (PBBH) 

16 

10th 

Unilateral 

Clear 

1 year, 
complete 

• 





Case 13 (JHH) 

31 

11th 

Unilateral 

Not examined 

3 weeks , 





that day 

complete 

Case 14 (JHH) 

20 

12th 

Unilateral 

Not examined 
that day 

1% jears, 
incomplete 

Case 15 (BCH) 

22 

9th 

Bilateral 

Clear 

1 month, 
complete 

Case 1C (MMH) 

17 

11th 

Bilateral 

Ole nr 

3 months, 

% 



complete 

Case 17 (PBBH) 

43 

12th 

Bilateral 

Clear 

V/j months, 
complete 

Case 18 (JHH) 

30 

14th 

Bilateral 

Clear 

1 % months, 
complete 


lever of three days’ duration A sore throat had 
developed three days before her admission On the 
next day she had a shaking chill, followed by head- 
ache, vomiting and a cutaneous rash On the day of 
entry she complained of double vision Her tempera- 
ture was 102 F (rectally) She was cooperative and 
slightly drowsy and had stiffness of the neck and a 
positive Kermg sign Examination of the cranial nerves 
revealed complete bilateral abducens nerve paralysis 
with pseudoptosis of the left eyelid (to prevent diplopia) 

Lumbar puncture yielded purulent cerebrospinal fluid 
from which meningococci, group I, were grown on 
culture She received sulfadiazine therapy, with prompt 
recovery from the meningeal infection However, at 
the time of discharge from the hospital, on March 26, 
she was still complaining of double vision whenever 
she did not wear a patch over one eye One month 
later examination revealed complete bilateral sixth 
nerve paralysis with diplopia However, after several 
months she was able to move either eye outward to 
a slight degree This ability increased, and her double 
vision soon disappeared By November, eight months 
after her illness, she had regained complete function 
of both external rectus muscles 


peared before the advent of serum therapy Also 
a few patients with this complication treated with 
serum or sulfonamide drugs have been reported 
on 4 The incidence of facial palsy has been 
recorded as 1 to 5 per cent However, no ade- 
quate description of the clinical course of this 
complication and no references to facial diplegia 
have been found m the literature on the subject 

Nine patients with peripheral seventh nerve 
paralysis after memngococcic meningitis t\erc 
studied (table 2) The ages of the patients 
varied from 6 to 43 years The course of the 
meningeal illness was relatively mild in 3 of the 
patients, while 6 had severe illnesses with de- 
lirium and coma Weakness of the facial muscles 
developed from the fifth to the fourteenth dat 
after onset of the meningeal signs and s\mp- 

4 Hodes, H L , and Strong, P S Treatment oi 
Memngococcic Meningitis with Sulfonamides, J A M 
A 119 691 (June 27) 1942 Dans-" Neal’ 1 

Harries sf 
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toms In 5 patients the paralyses weie uni- 
lateial, and m 4 facial diplegia developed Foi 
5 of the patients the ceiebrospinal fluid was 
examined on the day of onset of this complica- 
tion, and m each of these cases it was found that 
the fluid was clear and contained less than 100 
leukoc) tes pei cubic millimeter For the othei 
4 patients the cerebrospinal fluid was not 
examined at the time of onset of the paralysis 
Thus, in this gioup of patients involvement of 
the seventh nerve developed late m the menin- 
geal phase of the illness, at a time when the 
cerebrospinal fluid had already cleared Uni- 
lateral paialysis progressed to its maximum in 
one or two days However, in the development 
of complete facial diplegia, from one to four days 
elapsed in the spread from one nerve to the other 
In 2 of the 4 patients with bilateial seventh 
nerve palsy, loss of the sense of taste accom- 
panied the paralysis 

Complete follow-up studies of all 9 patients 
were obtained Recovery from facial paralysis 
was complete for 8 of the 9 Two of these 
patients regained function in less than one 
month, and for 6 complete recovery required 
from one to twelve months The ninth patient 
(case 14), in whom paralysis of the right seventh 
nerve developed, regained the ability to raise her 
right eyebrow and to close her right eye tightly 
seven months after the onset of her illness How- 
ever, at that time her smile was still one sided 
This lower facial palsy persisted, and it was still 
present one and one-quarter years after the 
onset of meningitis 

The leport of 1 of the cases of unilateral 
seventh nerve paralysis is presented to illus- 
trate the clinical picture of this complication 
The 4 cases of facial diplegia are briefly outlined 
All 4 of these cases are presented, because they 
follow such a characteristic clinical course, which 
apparently has not been described elsewheie 

Umlatei a! Pai alysis of the Seventh Nerve 

Case 12 — D J , a 16 year old white schoolgirl, was 
admitted to the Peter Bent Brigham Hospital on June 
11, 1942 She complained of abdominal pain, headache 
and vomiting of one day’s duration On the day before 
entry she had a shaking chill followed by headache, 
vomiting and pains in her wrist and knee joints On 
admission she complained of abdominal pain and stiff 
neck Three weeks before entry she had an acute 
suppurative otitis media on the right side, which cleared 
completely m one week 

Physical examination on her admission revealed a 
temperature of 100 F (rectally) She was disoriented 
and confused Stiff neck and Kernig’s sign were pres- 
ent No motor, sensory or reflex abnormalities were 
present and no abnormalities of the cranial nerves 

Lumbar puncture yielded purulent cerebrospinal fluid 
containing meningococci Treatment with sulfadiazine 


was instituted, and the meningeal signs and symptoms 
disappeared in four days On the tenth day after the 
onset of meningitis the patient noted that she was un- 
able to smile on the right side of her face She could 
not wrinkle the right side of her forehead A pro- 
nounced right seventh nerve paralysis had developed 
with no other neurologic abnormalities One month 
later the patient was able to wrinkle her forehead 
slightly on the right side Complete return of function 
of the facial muscles required one year 

Btlatctal Paralvsis of the Sncnih Ncnc 

CAsr IS — C M , a 22 year old white married house- 
wife, was admitted to the Boston City Hospital on 
Sept 19, 1942 She complained of severe head- 
ache, stiff neck and vomiting of two days’ duration 
She felt nauseated two days before entry Nausea 
was followed by shaking chills On the following 
morning a scicrc headache de\ eloped Later m the 
day her neck became stiff, and she vomited On the 
day of her admission to the hospital her headache and 
stiff neck grew worse Her temperature was 101 F 
(orally) She was slightly drowsy, with an extremclv 
stiff neck and positive Kermg sign No motor, sensorv 
or reflex abnormalities were present and no abnormali- 
ties of the cranial nerves 

Lumbar puncture done at the time of her admission 
revealed purulent cerebrospinal fluid containing menin- 
gococci, group I Sulfadiazine therapy was instituted, 
and her temperature fell to normal within two days 
I-Icr headache and stiff neck subsided by the fifth day, 
and she felt completely well On the ninth. day after 
the onset of meningitis she first noted a feeling of 
stiffness on both sides of her face and loss of the 
sense of taste She was unable to raise her eyebrows, 
to close her eyelids, to smile or to show her teeth 
Tears ran down over both checks She was unable to 
distinguish salt and sugar placed on her tongue In 
brief, a complete facial diplegia had suddenly devel- 
oped Examination of the other cranial nerves and of 
the sensory', motor and reflex systems showed no ab- 
normalities Lumbar puncture at this time revealed 
clear cerebrospinal fluid containing 11 leukocytes per 
cubic millimeter One week after the onset of this 
bilateral seventh nerve paralysis, there was n flicker 
of movement m her eyelids and she was able to con- 
trol the secretion of tears She was discharged on 
the eighteenth day' in the hospital with a residual 
bilateral facial weakness She could close her eyelids 
against slight resistance, and she could move the right 
corner of her mouth The sensation of taste was still 
absent One month after the onset of the facial paral- 
ysis this patient returned for reexamination She was 
able to smile normally, to raise her eyebrows and to 
close her ey r cs tightly The sensation of taste had 
returned to normal There was complete recovery of 
function of both seventh nerves 

Case 16 — E F, a 17 year old white youth, was 
admitted to the Haynes Memorial Hospital on June 
17, 1943, with the complaints of headache and stiff 
neck of one day’s duration Four days before his entrv 
fever and malaise, followed by a cutaneous eruption, 
developed On the day before entry he complained of 
violent headache, vomiting and stiff neck He was 
admitted in a comatose state His temperature was 
104 F (rectally) He was alternately delirious and 
comatose Stiff neck and positive Kermg sign were 
the only neurologic abnormalities 

Lumbar puncture done at the time of his admission 
revealed purulent cerebrospinal fluid containing menin- 
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jHKocu Sulnmcra-mc thcnpj was instituted After 
tuui dav* bis tempentnre returned to nornnl, and 
bis nicninpcil sign*' subsided On the clc\ ciitli dav 
alter the onset of niunnritis a peripheral right facia! 
parahsis developed, with normal movement of the left 
side ot the face \t tins tune a lumbar puncture 
revealed clear cerebrospinal fluid containing 100 lcuko- 
cvtcv per cubic nnllmietci Four davs later left facial 
paialvs^ dev eloped 1 1 is lace was nmkhke owing to 
facial diplegia The sensation ot taste v as notinal 
Improvement was rapid, and one week latu lie bad 
alreadv regained rppro\in.atelv 75 per cent of the 
.i return ot the leit side of Ins face and 50 pci cent 
os the rirht Kecovetv was complete in three months 

C \si 17—1' S a -53 vear old white man, a lathe 
operator was admitted to the Peter Bent P.nidnm 
Hospital on \pril 12, IQ-53 coinplannnr of stiff nick 
and headache of two div s' duration Tv o davs bcfoie 
Ins ad. ni e s on be lnd a sinking dull followed bv licul- 
aebc, vomiting and a cutaneous r.a«li The headache 
and stiff reek persisted until bis tmrv His tcmper.a- 
.rrc was 101 P (orallv) He had a stift neck, positive 
Knar s.pii ami moderate papilledema 

Lumbar pm cturc done at the time of Ins admission 
revealed piirule.it ccribrospnnl flmd containing nunm- 
rucocci, and '•ulkulnrinc therapv v as bi*mn Memn- 
"eal sipt.s (ii'apptarcd after five dav« On the twelfth 
(h\ alter the onset of meningitis a complete bilateral 
tacnl parah'is srddcnlv dev eloped The sensation of 
PMc v as nornnl Lumbar punctilio revealed clear 
cmluospmal fltml co'ilnmmr } cells per cubic milli- 
meter Tv o weeks Jatci there was noticeable improve- 
ment He v as able to close Ins eves and to smile 
However, be corhl nut wrinkle Ins forehead Func- 
tio i resumed more rap.dlv on the right side After 
one nid one half months recoverv was complete 

C\h IS — i; X, a 36 vear old white man, was 
■’dmitted to the Johns llopkin** Hospital on Sept 
22, 1°42, with the complaints of headache and vomit- 
ing of tv o davs’ duration \ sore throat developed 
tv>o davs before lus entiv On the nc\t dav lie lnd 
i headache and he vomited He became lethargic and 
later simicomatose on the dav oi his admission IIis 
temperature v as 102 I' lie had an evtiunelj stiff 
neck md bilateral Ktrmg sign There were no other 
neurologic abnormalities 

Lumbar puncture done at the time of Ins cnlrj 
rt veiled purulent cerebrospinal fluid containing menin- 
gococci lie was treated with sulfadiazine, and his 
meningeal infection subsided during the next five days 
On the fourteenth da> after the onset of meningitis a 
complete left facial paralysis developed At tins time 
luuibir puncture revealed clear cerebrospinal fluid con- 
t lining 100 leukocytes per cubic millimeter Two days 
later an additional right facial paralysis developed 
With tins facial diplcgu he noted loss of the sensation 
of taste He was unable to distinguish salt from sugar 
on either side of Ins tongue Two weeks after the 
onset of facial palsy lie could close both eyelids against 
Might resistance lie could wrinkle the left side of 
the forehead and smile on the right side of lus mouth 
Soon the sensation of taste returned After one and 
one-lnlf months the facial diplegia had completely 
cleared 

paralysis or Tiir eighth nerve: 

Destruction of the eighth cranial nerves with 
then cochleat and vestibular divisions results in 
deafness and unsteadiness in walking In small 


childicn permanent bilateial deafness lesults in 
deaf-mutism 

Pei manent deafness is one of the serious com- 
plications of mcmhgococcic meningitis This 
deafness is a dnecl lesult of the meningitis, 
and it is not related to otitis media, which often 
accompanies this disease in childien Befoie 
the use oi setum ticatment the incidence of 
involvement of the eighth nene among lecoveied 
patients langcd fiom 5 to 30 pei cent m difteient 
epidemic 1 ' With seium therapy deafness fol- 
lowed meningitis m 2 to 25 pel cent of cases, 
with an average of appi oxnnately 5 pei cent 5 
Since sulfonamide thciap) has been instituted, 
no noticeable decline m the aveiage incidence of 
acoustic none palsy has occm led The present 
fiequencv langcs horn 2 to 6 per cent, with an 
average of 5 pci cent* Pei manent bilateral 
deafness is moie common among children than 
among adults The onset usually occuis during 
the first week of meningitis 2b Houevei, it may 
develop aftei lccoveiy, when the ceiebrospmal 
fluid is clcai 7 In 2 icpoited cases bilateral deaf- 
ness developed two and one-half and three 
months aftei complete lccoven from meningitis 
with seium ticatment 3 ' 1 

In the majont) of eases eighth nene paralysis 
is bilateial, although unilateral involvement does 
occm In about two thuds of those patients 
with total deafness, theie aic concomitant dis- 
t in bailees of the vestibular apparatus 8 Auditoiy 
ncive palsy is usual]} pci manent, although theie 
aie occasional cases in which the patients have 
completely recovered hearing ob Vestibular 
sjmptoms disappear lapidly m adults, hut in 
children the}' may pcisist for a year oi longer 
In children undei S years of age complete deaf- 
ness usually results m deaf-mutism 2b Thus 
memngococcic meningitis is one of the common 
causes of deaf-mutism 0 In older children and 

5 Fraser, J S , and Dickie, J K M Meningitic 
Ncnro-Labyrinthitis, Proc Roy Soc Med (Sect Otol ) 
13 23, 1920 Borovsky 311 

6 (n) Memorandum on Cerebro-Spinal Fever Among 

Troops, Great Britain War Office, London, His 
Majesty’s Stationery Office, June 30, 1942 (b) 

Beeson, P B , and Westerman, E Cerebrospinal 
Fever Analysis of 3,575 Case Reports, with Special 
Refei cnee to Sulphontinude Therapy, Brit M J 1 497, 
1943 (c) Harries 31 Hodes and Strong 1 

7 McLean, S , and Caflfey, J P Sporadic Meningo- 
coccus Meningitis Sequelae Following Specific Serum 
Therapy in Infancy and Early Childhood, JAMA 
87 91 (July 10) 1926 Neal 3b 

8 Politzer, A Diseases of the Ear, ed 6, edited 
by M J Ballm, Philadelphia, Lea & Febiger, 1926 

9 Shambaugh, G E , Hayden, D B , Hagens, 
E W , and Watkins, R W Statistical Studies of the 
Children in Public Schools for the Deaf, Arch Oto- 
laryng 12 190 (Aug) 1930 
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in adults with complete deafness, speech dis- 
orders develop, and special training is lequired 
for these patients 

Pathologic studies have shown that peimanent 
deafness aftei meningitis is usually due to a 
neurolabyrinthitis 10 The infection passes along 
the subarachnoid space fiom the base of the biam 
to the internal auditoiy meatus and then along 
the nerves and vessels to the labyrinths A 
variety of pathologic changes producing deafness 
have been studied These include (a) hydro- 
cephalus, (b) changes in the walls of the fourth 
ventricle, (c) purulent infiltration of the eighth 
nerve and ( d ) purulent labyrinthitis The patho- 
logic changes producing transient deafness with 
complete recovery have not been described 

Five patients with deafness after meningitis 
were studied (table 3) Four of these were 


Table 3 — Eighth Nerve Paialysis Dm mg Memngo- 
cocctc Meningitis 

FIvo Patients, Boston and Baltimore, 1912 1914 




Deafness, 

Unilateral 

or 

Bilateral 


Permanent! of 
Deafness 

Patient 

(Hospital) 

Age, 

Yr 

Severltj of 
Deafness 

Durntlon 

of 

Tollon Up 

.Recovery 

of 

Hearing 

Case 19 
(JHH) 

33 

Unilateral 

Complete 

1'4 yenrs 

None 

Case 20 
(JHH) 

0 

Bilateral 

Nearly 

complete 

2 years 

Minimal 

Case 21 
(BCH) 

5 

Bilateral 

Complete 

2 jears 

None 

Case 22 
(JHH) 

1 

Bilateral 

Complete 

2M; jears 

None 

Case 23 
(JHH) 

7 

Bilateral 

Nearly 

complete 

l>4 jears 

Minimal 


children from 1 to 7 years of age, and in all 4 
of them bilateral involvement developed Uni- 
lateral eighth nerve paralysis developed in a 33 
year old woman In 2 patients deafness was first 
observed on the third and on the seventh day 
after the onset of meningitis In the other 3 
the time of onset could not be accurately deter- 
mined In all patients deafness was complete 
or nearly complete In 3 of the children un- 
steadiness in walking was noted after recovery 
These 5 patients were all followed foi periods 
of one and one-quarter to two and one-half 
years In 3 patients there was no recovery of 
hearing at all, and in the other 2 recovery was 
minimal An unsteady gait persisted for two 
years m 2 of the children, whereas 1 child 
walked normally one month after recoveiy In 
addition, the children with bilateral deafness 

10 Hagens, E W Pathology of the Inner Ear m a 
Case of Deafness from Epidemic Cerebrospinal Menin- 
gitis, Ann Otol , Rhin & Laryng 49 168, 1940 
Fraser and Dickie 5 Politzer 8 


acquired speech disorders One infant, who had 
meningitis at the age of 1 year, was a deaf-mute 
at 3j4 years of age The othei 3 children talked, 
but they spoke too fast to be understood On 
icluinmg to school they were no longer able to 
do satisfactory work 1 hereforc they are now 
attending special schools for the deaf The late 
treatment of these otherwise noimal children 
includes training in lip reading and voice in ordei 
that they may continue their intellectual develop- 
ment 

The clinical pictures of unilateral and bilateral 
eighth nene paralysis are illustrated by the fol- 
lowing 2 case histones 

Unilateral Paralysis of the Eighth Nerve 

Casi 19 — M P, .a 33 year old white married 
woman, was admitted to the Johns Hopkins Hospital 
on Marcli 31, 1943, with the complaints of headache, 
vomiting and stiff neck of three days’ duration A 
headache had developed three days before her admis- 
sion This became more severe on the following day 
A stiff neck and vomiting developed on the day of 
her admission Her temperature was 99 8 F She 
was delirious and had pronounced meningeal signs No 
focal, neurologic signs were elicited 

Lumbar puncture done at the time of her admission 
revealed purulent cerebrospinal fluid containing menin- 
gococci She was treated with sulfamerazmc After 
her meningeal infection subsided, she complained of 
ringing in the right side of her head Examination of 
the ears ten days after the onset of meningitis revealed 
complete loss of bone and air conduction m the right 
ear However, the exact day of the onset of deafness 
was not known For the next few months the deaf- 
ness m the right car remained unchanged She was 
troubled with tinnitus and repeated "explosions in the 
head ” These symptoms gradually subsided during the 
first jear On reexamination one and one quarter jears 
after the onset of meningitis she was still found to 
have complete deafness in her right car with no other 
complaints 

Bilateral Paialysis of the Eighth Nave 

Case 20 — R T, a 6 year old white boy, was ad- 
mitted to the Harriet Lane Home at the Johns Hop- 
kins Hospital on Oct 3, 1942, with headache, stiff 
neck and convulsions of one day’s duration On the 
day before his entry he complained of a headache and 
stiff neck He had a generalized convulsion On the 
day of admission he became drowsy and confused 
His temperature was 103 F He was disoriented, and 
he had definite meningeal signs Lumbar puncture 
done at the time of lus entry revealed purulent cere- 
brospinal fluid containing meningococci Treatment 
with sulfapyrazine was instituted By the third dav 
after the onset of meningitis he was much improved, 
and he recognized his visitors However, he said that 
he was unable to hear them Thus, during the earl} 
stage of this meningeal infection complete deafness had 
developed in his right ear and severe deafness in his 
left ear One month later his hearing had improved 
slightly in the left ear, so that he was able to hear 
words shouted at him However, he remained totally 
deaf in the right ear His gait was slightly unsteady 
On reexamination five months after the onset of deaf- 
ness his hearing was found to be unimproved Two 
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\carc alter his illness he was still complctclx deaf in 
the richt nr and si_\crd\ deaf in the left cm Slight 
n\\ axing m walking was still present 

l’\R\L\<MS 01 OTH1R Civ \\'I XL MR\Ei> 

Invoheniun of the second ciumal nenes with 
changes in the optic disks is common m mcningo- 
coccic meningitis Lewis 1 ** noted “papillitis” m 
12 per cent of 350 eases These changes aie 
nearly nlxxaxs hilateial and subside with recox eiy 
<if the patient Rareh partial secondary ntrophx 
of the optic ner\e oi blindness follows 

Partial third ncnc pnrahsis with transient 
dixergent stiahismus 22 or ptosis 2 - have occa- 
sionalh been noted In 1 patient I observed, 
complete left third nene parahsis dex eloped, 
with ptosis, dilated pupil and dixergent sliabis- 
nius, during the course of mcmngococcic menin- 
gitis Hoxxexer this patient also had untreated 
‘Wpliihs of the central nerxotis sxstem, so that the 
ctiologic basis of the cranial ncr\e complication 
was uncertain 

Rare cases of fifth ncr\e parahsis * n and of 
pharx ngeal paralx sis nf during mcmngococcic 
meningitis haxc been described 

ci Kr.imxL com plic \i ions 

In patients xxith severe meningeal infections, 
ahnoimal mental states dexelop, including dis- 
orientation, confabulation, hallucinations, comul- 
"» r «iS tremors and coma- 5 ” In particular, per- 
sons chronical!) addicted to alcohol who have 
.meningitis frecjuentlx present confusional ps>- 
choscs, and thex max he admitted to mental hos- 
pitals xxith the mistaken diagnosis of dcliiium 
tremens’* Approximatclx one third of children 
with meningitis haxc gcneraliml convulsions nb> c 
Such cerebral symptoms as these arc pai t of the 
meningitic picture and are not rcgaidcd as cere- 
bral complications of meningitis 

Hemiplegia and aphasia, howevei, rcpicsent 
definite cercbial mxolvcment These unusual 
eomphcations xxcre fust reviexved in the French 
htci attire In 1898 Florand 10 descubed the 

11 Randolph, R L A Clinical Stud} of Forty 
Caves of Ccrcbro-Spiml Meningitis, with Reference to 
the 13} e S}mptoms, Bull Johns Ilopkms Hosp 4* 59, 
1893 

12 NcaP*' Borovsky 3<1 Harries st 

13 Hot sell, K Ueber epidcinisclie Meningitis imt 
Cnccphalitis und uber Rtemngo-Enccphahtis (Enccpha- 
hiis japonica), Zentialbl { inn Med Cl 161, 1940 

14 War, T W II , and Vauticr, C K Mental 
’s.xmptoms in Cerebrospinal Meningitis, Brit M J 1 
179, 1942 

15 Florand, A Uh cas dc meningite ccrebro- 
spmale cpidcmique, Bull ct mem Soc med d hop 
dc Pans 15 530, 1898 


case of a 13 xear old child in xvhom aphasia and 
nght-sided hemiplegia developed on the twelfth 
dax of meningitis The cerebrospinal fluid xvas 
cleat at that time, but the patient died on the 
following da) In anothei report 10 left-sided 
hemiplegia was said to have developed in a 17 
veai old patient twenty-three days after the onset 
of meningitis At this time the cerebrospinal 
fluid xvas clear Reexamination of the patient 
tw o months latei revealed persistent spastic hemi- 

'Iaiiif 4 — Ccicbral Complications During Menxngo- 
coccic Meningitis 

Three Patients Poston City Hospital, WiS-1013 


On^ct of Complication 

( — i.. i- . ■ - .... ■ 


Patient 

A r<\ 
\r 

Daj of 
Patient s 
Xlenln 
rills 

Cerebro 

spinnl 

Fluid 

Clinical 

Picture 

Complete 

Recovery 

from 

Complication 

Cn«> 24 

p 

7th 

Clear 

*• 

Right sided 
convulsions 

lVt- hours 





Right herni 
paresis 

1 daj 





Right liomon 
jinous hemi 
nnopia 

1 month 





Aphasia 

2 months 

Co'e 2"> 

O 

Gth 

Not e\ 
amined 
that cloy 

Rlgiit-slded 

convulsions 

Right hemi 
paresis 

4 hours 

10 dnys 





Xphasla 

4 months 

Cn*t 20 

(kJ 

Mil 

Clenr 

Generalised 

convulsions 

4 days 





Left hemi 
pnre=is 

3 weeks 


plcgia Recently Harries 31 noted 1 patient xvith 
transient hemiplegia among 500 patients xvith 
meningitis treated xvith sulfonamide drugs Thus, 
focal cerebral complications in memngococcic 
meningitis do occasionally occur despite sulfon- 
amide therapy The pathologic process xvhich 
produces this clinical picture is not knoxvn Hoxv- 
evei, it must be distinguished from bram abscess 

In my study 3 patients xvith memngococcic 
meningitis complicated by hemiplegia xvere ob- 
served (table 4) Txvo of these xvere children, 
each of xvhom xvas 9 years old The third patient 
xvas a 65 year old man These 3 patients were 
treated -early m the courses of their infections, 
and they did not present unusually severe clinical 
pictures One patient had only meningeal signs 
and symptoms on his admission to the hospital, 
1 xvas inational, and the third xvas comatose The 
complication had its onset from the sixth to the 

16 Castaigne, J , and Rivet, L Menmgite cerebro- 
spmale cpidcmique comphquee d’hemiplegie Com- 
paraison chez un meme malade des effets therapeutiques 
de 1’eiectrargol et du serum de dopter, Bull et mem 
Soc med d hop de Paris 27 900, 1909 
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ninth day after the onset of definite meningeal 
signs and symptoms At this time the cerebro- 
spinal fluid was already clear The onset of this 
complication was heralded by a series of convul- 
sions lasting from a few hours to a few days In 
2 patients seizures were unilateral, and m the 
third they were generalized Convulsions left the 
patient with a hemiparesis of one to twenty-one 
days’ duration In 1 patient there was a complete 
homonymous hemianopsia, which gradually 
cleared during one month In 2 patients an 
aphasic disorder developed, which disappeared 
m two to four months In 1 patient right homon- 
ymous hemianopsia, hemiparesis and aphasia 
were associated with a definite slow wave focus 
m the left paneto-occipital area as observed by 
electroencephalogram As the clinical symptoms 
disappeared, the electroencephalogram showed a 
less definite focus This patient’s aphasic dis- 
oider completely disappeared in two months 
The electroencephalogram became noimal aftei 
six months In none of these patients have any 
sequelae developed from this cerebral complica- 
tion Neither of the children has had any con- 
vulsions during the first year after recovery 

The clinical course of 2 of these patients is 
presented here 

Case 24— J F, a 9 year old white schoolboy m 
the third grade, was admitted to the Boston City 
Hospital on May 8, 1943, with the complaints of head- 
ache and vomiting of one day’s duration On the day 
before entry this boy came home from school because 
of headache, vomiting and fever On the morning of 
admission he again vomited several times, and his neck 
and back became stiff In a few hours he became 
comatose, and he was admitted to the hospital Prior 
to his illness he had had no convulsions 

Physical examination on admission revealed an 
acutely ill boy with a temperature of 103 F (rectally) 
He was comatose His jaws were closed tightly His 
neck was extended and quite stiff His legs were 
flexed at the knees, and they could not be completely 
extended No motor, sensory or reflex abnormalities 
were noted and no abnormalities of the cranial nerves 

Lumbar puncture done at the time of his admission 
revealed purulent cerebrospinal fluid from which menin- 
gococci were grown on culture Sulfadiazine therapy 
was instituted On the following day he recognized 
his mother, but headache, stiff neck and fever per- 
sisted By the fifth day, his temperature had fallen 
to 99 F , the meningeal signs had diminished, and he 
looked much brighter However, on the seventh day 
after the onset of meningitis he had a right-sided con- 
vulsive seizure with loss of consciousness His head 
and eyes turned to the right with clonic movements 
of the right arm and leg for forty-five seconds Dur- 
ing this seizure he was incontinent of urine This was 
followed by brief episodes of twitching of the right 
arm, which recurred at five minute intervals for the 
next ninety minutes He was given phenobarbital 
subcutaneously, and the twitching soon ceased It was 
observed that his right arm was weak Lumbar punc- 
ture at this time revealed clear cerebrospinal fluid 


On the following day he was drowsy but cooperative 
A mild aphasic disturbance was noted For example, 
he was unable to name certain common objects (watch 
and buckle) He was unable to write many simple 
words In attempting to write the alphabet he wrote 
“a, b, c” but no further He could write his name, 
his address and certain numerals correctly He could 
read words well, and he could carry out simple com- 
mands In addition, it was noted that he had a definite 
right homonymous hemianopsia There was no facial 
weakness and no weakness of the right arm or leg 
An electroencephalogram at this time revealed a defi- 
nite, large slow wave focus (3 per second) m the left 
parieto-occipital area Two days later the boy was 
able to sit up, and he felt rather well His aphasic 
disorder had improved He was now able to write 
the alphabet, but he still misspelled simple words 
The right homonymous hemianopsia remained nearly 
complete However, within one month after the onset 
of this hemianoptic disorder his visual fields returned 
to normal At this time, he still had some difficulty 
in writing words which had been familiar to him be- 
fore his illness During the next month he had to 
relearn the multiplication tables, his prayers, the use 
of capital letters and other parts of his previously col- 
lected knowledge Two months after his illness he 
was again able to read and write normally The elec- 
troencephalogram at this time revealed less pronounced 
abnormalities than previously However, there were 
still bursts of slow waves, chiefly m the left occipital 
area Subsequent electroencephalograms revealed a 
gradual return to the normal pattern m six months 
after his illness He did satisfactory school work 
during the following year, and he had no episodes of 
unconsciousness or convulsions in this period 

Case 25 — W S , a 9 year old white schoolboy in 
the third grade, was admitted to the Boston City Hos- 
pital on March 17, 1943, with fever, headache and 
vomiting of two days’ duration A sore throat devel- 
oped two days before his entry The following day 
he complained of headache, backache and vomiting On * 
the day of entry he became irrational, with severe 
headache and vomiting He thought that some one 
was stealing his sister from their home 

When this boy was 2 years of age, he had an 
infection of the left middle ear with mastoiditis At 
this time a mastoidectomy on the left side was per- 
formed During this illness no convulsive disorders 
were observed However, during the following year 
he had four grand mal seizures, each one of ten to 
fifteen minutes’ duration These seizures ceased to 
occur after he was 3 years old, so that he had had no 
convulsions during the past six years 

Physical examination on his admission to the hos- 
pital revealed a temperature of 102 F (rectally) The 
left ear drum was perforated, and there was an old 
mastoidectomy scar He was disoriented and irra- 
tional, with stiff neck and Kermg’s sign Examina- 
tions of the cranial nerves and of the motor, sensory 
and reflex systems revealed nothing abnormal 

Lumbar puncture done at the time of his admission 
revealed purulent cerebrospinal fluid containing menin- 
gococci Sulfadiazine therapy was instituted During 
the first three days he improved slowly He became 
oriented, and his fever subsided However, on the 
sixth day after the onset of meningitis he had a series 
of four convulsions, which involved the right side of 
his body These seizures occurred over a four hour 
period, and they were followed by aphasia and right 
hemiparesis On the following day, his temperature 
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was 99 F , and his hemiparesis and aphasic disorder 
had improved A slight weakness of the lower right 
side of the face was noted During the next ten days 
the right-sided weakness gradually disappeared How- 
ever, the aphasic disorder persisted He named most 
common objects incorrectly He was unable to write 
his name He could write only the first seven letters 
of the alphabet He was unable to read simple words 
However, he was able to demonstrate the use of objects 
presented to him One month after the onset of this 
aphasia he was still unable to name objects How- 
ever, he was able to write his name and the alphabet 
He read letters but not words During the next three 
months he learned to read and write again Thus, 
four months after his illness he could read letters and 
words fairly well He could write simple words cor- 
rectly, and he could add, subtract and multiply When 
he returned to school, his work was satisfactory Sub- 
sequently he has had no convulsive seizures 


m the course of meningitis, when the cerebro- 
spinal fluid is purulent It is usually unilateral, 
and complete recovery within a few weeks is the 
rule 

2 Unilateral and bilateial seventh nerve 
paralyses are usually late complications, which 
develop after the cerebrospinal fluid has become 
clear In 4 patients with facial diplegia this late 
onset of paralysis during convalescence was char- 
acteristic Recovery of function usually requires 
several months It is complete m most but not 
all of the cases 

3 Eighth nerve paralysis with deafness is the 
most serious cranial nerve complication It 
occurs more commonly among children than 


Table 5— Outline of the Clinical Fcatwes of Cianial Nerve Paralyses Dunng Mcmngococcic Meningitis 


Oramal 

Serve 

Involved 

Age 

Incidence 
Reported at 
Present, 
per Cent 

Unilateral or 
Bilateral 

Sixth 

All ages 

5 to 15 

Both, usually 
unilateral 

Seventh 

All ages 

1 to 5 

Both, usually 
unilateral 

Eighth 

Usually 

children 

2 to 6 

Both, usually 
bilateral 


Onset of Complication 


Stage of 

Cerebrospinal 

\ 

Meningitis 

Pluid 

Usual Prognosis 

Acute 

Purulent 

Complete, recovery 
in 1 to 4 weeks 

Convalescent 

Clear 

Complete, recovery 
m l to 12 months 

Acute or 

Purulent 

Permanent, 

convalescent 

or clear 

deafness 


SUMMARY 

From the large group of possible sequelae 
occurring m patients with memngococcic menin- 
gitis, certain neurologic complications were se- 
lected for study Twenty-six patients with focal 
neurologic abnormalities among a group of 300 
patients with memngococcic meningitis were care- 
fully followed during the past three years This 
series included 9 patients with sixth nerve paral- 
ysis, 9 with seventh nerve paralysis, 5 with 
eighth nerve paralysis and 3 with transient focal 
cerebral complications 

Cranial nerve paralyses present characteristic 
clinical features (The usual course of each one 
is outlined m table 5 ) 

1 Sixth nerve paralysis, the most common 
extraocular nerve palsy, usually develops early 


among adults, and it usually is bilateral. Its 
present incidence is approximately 5 per cent It 
may develop during the acute meningitic infec- 
tion, convalescence or even after recovery Deaf- 
ness is permanent m the vast majority of cases 
In young children deaf-mutism results Occa- 
sional cases of transitory deafness also occur 
Cerebral complications with convulsions and 
transient hemiplegia occur rarely They usually 
appear late m the course of the infection with 
clear cerebrospinal fluid The convulsions may 
be unilateral or generalized They are followed 
by hemiparesis with occasional aphasic disorders 
and hemianopsia Electroencephalograms reveal 
focal disturbances m the area involved All of 
these neurologic and electroencephalographic 
signs were observed to clear completely, with no 
residua 
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Each state chairman of the Piocuiement and 
Assignment Service for Physicians is faced with 
the baffling task of keeping track of the migratory 
habits of his colleagues Among other bits of 
information this entails on his part a knowledge 
of those of the medical profession who die at any 
time in any city or town within his area and of 
those by whom they are replaced Hence it has 
happened that during my term of service as state 
chairman for Massachusetts I have perforce ex- 
plored with increasing diligence a curious source 
for medical research — the obituary columns of 
The Journal of the American Medical Asso- 
ciation 

In a representative issue more than seventy 
deaths may be reported If one happens to be 
morbidly inclined, one suspects that vascular dis- 
ease affecting either the heart, the kidneys or the 
cerebral vessels is a disorder to which the medical 
profession has special pi edisposition In 1944, 
in the December 1 issue of The Journal, to take 
an offhand sample, seventy-one deaths were 
reported There were thirteen deaths from 
coronary artery disease, sixteen from unspecified 
heart disease on an artenoscleiotic background, 
five from generalized ai teriosclei osis in which 
the exact cause of death was not noted, four from 
cerebral hemorrhage or thrombosis, two from 
nephritis and one from myocarditis 

Records such as this, issue after issue, have 
interested many obseivers Each year The 
Journal is likely to comment in an editorial on 
the annual cost of cardiovascular disease to oui 
profession, and several clinicians have written 
about it White, 1 for example, found among one 
hundred physicians examined for cardiac symp- 
toms that seventy-six had organic disease of the 
heart or blood vessels Willfus 2 has called to- 
day’s death rate from heart disease among 
physicians appalling Falk 3 has expressed the 
view that coronary disease is taking a dispro- 
portionate toll each year from the ranks of the 

1 White, P D The Physician Himself, J A 
M A 115 1495-1499 (Oct 26) 1940 

2 Willius, FA A Talk on ‘Cardiac Disease 
Among Physicians, Proc Staff Meet , Mayo Oin 16 
714-716 (Nov 5) 1941 

3 Falk, O P J Coronary Disease and the 

Doctor, Illinois M J 80 115-119 (Aug) 1941 


medical profession, and Musser 4 appeared to 
agree with him Smith, 5 approaching the prob- 
lem from a slightly different angle, has shown 
that the incidence of coronary sclerosis among 
physicians who have consulted the Mayo Clinic 
was considerably higher than that among bank- 
ers, lawyers, clergymen oi laborers, and Kellogg, 0 
studying physicians and other candidates of com- 
parable age who applied for Army commissions, 
also found that the incidence of heart disease, 
hypertension and renal disease was appreciabl) 
greatei among physicians than among others 
Such observations are impressive 'On the 
other hand, there is anothei side to the story 
Ten years ago Riesman and Harris 7 pointed out 
that the increase m number of deaths reported 
from heart disease year by year is not a fortuitous 
happening but in reality represents a triumph of 
preventive medicine For by the prolongation 
of the average span of life, more persons ai e kept 
alive to die from those diseases that naturally 
afflict advancing years And Chadwick, 8 evi- 
dently thinking along similar lines, has predicted 
that the mortality from diseases of the heart and 
blood vessels is bound to increase so long as the 
average age of the population continues to 
lengthen 

It is possible, therefore, that the increasing 
incidence of vasculai disease among physicians 
may be more apparent than real, is in many in- 
stances the price of longevity and is m no way 
remarkable Since there are differing views on 
a matter of such general professional interest and 
since the rational conservation of medical man- 
power is at present so desirable, it seemed worth 

4 Musser, J H The Doctor’s Heart, Ohio State 
M J 40 123-125 (Feb) 1944 

5 Smith, H L Incidence of Coronary Sclerosis 
Among Physicians, JAMA 108 1327-1329 (April 
17) 1937 

6 Kellogg, F Physical Defects Among Physicians 
and Other Applicants for Commission, Army M Bull , 
July 1943, no 68, pp 158-165 

7 Riesman, D , and Harris, S E Disease of the 
Coronary Arteries with a Consideration of Data on 
the Increasing Mortality of Heart Disease, Am J M 
Sc 187 1-15 (Jan) 1934 

8 Chadwick, H D The Diseases of the Inhabi- 
tants of the Commonwealth, New England J Med 216 . 
1003-1015 (June 10) 1937 
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while to attempt an account of stock The con- 
clusions must be regarded as being of a prelimi- 
nary nature For at the 1944 meeting of the 
House of Delegates of the American Medical 
Association the Board of Trustees 0 made the 
following statement 

Thr deaths of physicians have continued at almost 
the same rate annually for many years The number 
varies from a high of slightly more than 3,700 m 1939 


to nearly 2,900 in 1931 f 

Last year a study was begun to determine the facts 

concerning the causes and rates of death among phy- 
sicians m order that there may be shown a better 


developing a process that should be of value to pro- 
fessional groups 

It is impossible to state at present the exact time 
when these data will be available However, as soon 
as the work is completed an announcement of the details 
of publication and distribution of the data will be made 

THE ANNUAL NUMBER OF DEATHS OF 
PHYSICIANS 

At the outset a graph was plotted of the num- 
ber of deaths of physicians reported year by yeai 
by The Journal of the American Medical Assocm- 



Deaths each year since 1907 among physicians by age groups (as reported by The Journal of the American 
Medical Association) 


comparison of the death rates in the general population 
with those m the medical profession The Association 
will benefit in this study by the skill and experience 
of a well known statistician, Dr Louis I Dublin 
Since this seems to be the first study of the kind for 
the determination of mortality rates for a professional 
group, much interest should develop m the results of 
the work, and since all the figures from this work will 
represent an original contribution as to both methods 
and rates, there should be considerable satisfaction m 

9 Report of Board of Trustees, JAMA 124 
1262-1294 (April 29) 1944 


lion since 1907 These data were broken down 
mto age groups by decades, commencing with 
deaths occurring among physicians who were 
under 30 years of age The year 1907 was 
selected as the starting point, because the first 
edition of the “American Medical Directory” was 
then published and an accurate tabulation of the 
size of the medical population was henceforward 
possible 

An unmistakable trend has de\ eloped which 
now has been maintained for more than thirty 
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years Year by yeai , fewer physicians under 60 
years of age are dying, and more are living to 
attain 70 and 80 year marks It is of passing 
interest that the only demonstrable effect of the 
First World War on the curves was caused by 
the influenza epidemic The present war is un- 
likely to have any notable effect on the medical 
profession unless another pandemic of high viru- 
lence afflicts the world 

The graph also suggests, by indirection, an 
aging medical population No recoid could be 
found of the age distribution of physicians m the 
United States at diffei ent periods, and therefore 
such a record was manufactured To tabulate by 
age groupings all the physicians listed in each 
edition of the “American Medical Directoiy” 
would have defied the eneigy of a behemoth To 
regard a single state as repi esentative and to 
apply figures for that state from time to time to 
the medical population of the entire country 

Table 1 — An Estimation of the Age Distnbution of 
American Physicians * 


Physicians, 

Year Total Under 40 40 to 49 50 to 59 60 and Over 

1907 122,200 59,880 (49%) 30,550 (25%) 18,330 (15%) 13,440 (11%) 

1921 145,400 50,890(35%) 43,620 (307,) 27,630 (19%) 23,260 (16%) 

1931 156,400 56,300 (36%) 35,970 (23%) 34,410 (22%) 29,720 (19%) 

1942 180,500 77,600 (43%) 37,910 (21%) 27,080 (15%) 37,910(21%) 


* In 1942, the Committee on Medical Preparedness of the 
American Medical Association estimated that at the beginning 
of the year there were 176,191 physicians in the continental 
United States Twenty four per cent were under 36 years of 
age, 22 per cent between 36 and 44, 18 per cent between 45 and 
54 and 36 per cent 55 years of age and older (JAMA 11*) 
650 653 [June 20] 1942) These figures suggest that the mode of 
reckoning used in assembling this table may have exaggerated 
the number of young physicians and underestimated the number 
who are older These miscalculations would make no difference 
in the conclusions drawn 

seemed a reasonable way of meeting the situation 
and of acquiring sufficiently reliable information 
for the purposes of this paper Thus, the phy- 
sicians of Massachusetts, as appearing m the 
directories for 1907, 1921, 1931 and 1942, were 
counted and were separated into age groups, and 
from these figures the age makeup of the Ameri- 
can medical profession for these years was calcu- 
lated 

The figures support the premise that the aver- 
age age of physicians at the time of death has 
been rising, together with an increasing per- 
centage of all physicians living in the later dec- 
ades of life It was between 1907 and 1921 that 
many of the weaker schools closed, and enroll- 
ments were low, and it was m 1918 to 1920 that 
many young physicians succumbed to influenza 
The influence of these factors is brought out by 
the relatively small number of physicians m 1921 
who were less than 40 years old Ten years later, 
m 1931, and twenty jears later, in 1942, as men 
of the relatively small classes and the survivors 


of the influenza epidemic giew older, their low 
numbers were reflected in the makeup of the 
medical population as a whole Yet, m spite of 
this handicap, the total number of physicians liv- 
ing to pass the age of 60 has increased steadily 

Since 1921, schools have enlarged and new 
schools have come into existence Presumably, 
therefore, m future, physicians of all age groups 
are likely to increase With the number of elderly 
men growing so steadily, the question must soon 
arise how best to utilize their talents and indeed 
how best to support them when they retire 

THE CAUSES OT DEATH AMONG PHYSICIANS 

The most common causes of death among 
physicians by ages at different periods weie de- 
termined through an analysis of death notices m 
The Journal Various other observers have used 
this information Three especially entertaining 
investigations have been reported, resulting in 
three divergent conclusions — perhaps a salutary 
reminder to a novice in the statistical field of the 
difficulty of dealing with figures Rendich 10 
attempted to discover whether medical promi- 
nence, as judged by length of a death notice in 
The Journal, was compatible with longevity and 
came to the conclusion that men who achieved 
sufficient fame for long obituaries were shorter 
lived than their less known colleagues Mills, 11 
in contrast, disagreed with this and, using similar 
methods, thought he proved that the great were 
not inclined to die young and that their heritage 
was likely to be a ripe old age And Lehman 12 
expressed the opinion that both were wrong > 

For the purpose of this study the causes of 
death m a series of groups of 250 or more phy- 
sicians of different ages occurring at about 1907, 
1931 and 1942 were tabulated The year 1921 
was omitted, because m that year the effects of 
the influenza epidemic were still evident and 
therefore death rates were atypical Deaths from 
battle injuries m the present war were also ex- 
cluded The age groupings comprised physicians 
who died when they w ere less than 40 years old, 
40 to 49, 50 to 59 and 60 years old and over 
It seemed desirable to assemble at least 250 cases 
in each of these age groups in ordei to have a 
reasonably large number from which to obtain 
a picture of the distribution of the common types 
of fatal illness at about the time undei considera- 
tion, and in order to collect material of such size 

10 Rendich, R A Average Age of Physicians at 
Death, Correspondence, JAMA 119 1041 (July 25) 
1942 

11 Mills, C A What Price Glory ? Science 96 
380-381 (Oct 23) 1942 

12 Lehmajj, H C The Longevity of the Eminent, 
Science 98 270-273 (Sept 24) 1943 
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pressed m percentage values of the causes of 


it was necessary to cull more than one year’s 
yield In scanning the reports from the early 
days, it was bald to find the cause of many 
fatalities among older men in any single year, 
whereas now it is difficult to find many fatalities 
among } oungei ones Diagnoses were made as 
accurately as possible from the information pre- 
sented — admittedly a matter of personal judg- 
ment since fashions m medical terminology have 
been fickle In 1907 “acute indigestion” was 
often reported as a fatal illness, but no hesitancy 
is felt, through light of current knowledge, m 
including such cases among cardiac deaths After 
the publication of Herrick’s 13 paper, the diag- 
nosis of coronary thrombosis began to appear 
and has flourished ever since Epstein’s 14 study 
of albumin and globulin ratios in edema com- 
menced to make the diagnosis of nephritis less 


death for each series of groupings 

No attempt was made to analyze the cause of 
death of physicians over 60 years of age, foi the 
diagnostic problems were almost mvaiiabl) too 
complex The appropriate classification of the 
cause of death of a physician over 70 years old 
reported to have succumbed to heart failuie on 
an arteriosclerotic basis complicated by uremia 
from malignant disease of the bladder lepresents 
the type of riddle often encountered 

If one were interested solely m physicians who 
die, one would agree that vascular disease is now 
encountered very commonly as a cause of death 
among them at all ages and is increasing in fre- 
quency Yet such a way of legardmg the deaths 
of physicians is unsound, since no consideration 
is given to the number who are alive In ordet 


Table 2 — The Common Causes of Death Among Physicians by Age Gioups pci Hundred Deaths m 

1907, 1931 and 1942 



Under 40 



40 to 49 

A 



50 to 59 

A. 


1907 and 
Sur 

rounding 

Years 

A 

1931 and 
Sur 

rounding 

Years 

1912 and 
Sur 

rounding 

Years 

1907 and 
Sur 

rounding 

Years 

A_ 

1031 and 
Sur 

rounding 

Years 

A 

1942 and 
Sur 

rounding 

Years 

-A. 

1907 and 
Sur 

rounding 

Years 

1931 and 
Sur 

rounding 

Years 

1942 and 
Sur 

rounding 
Years 
f / ^ 

To % ’ 

No % 

No % 

'No %' 

To % 1 

‘No %' 

( V 

No % 


No <Tc 


Total number analjzcd 

493 

100 

290 

100 

330 

100 

3S2 

100 

250 

100 

332 

100 

467 

100 

581 

100 

353 

100 

Accidents 

104 

21 

<33 

22 

105 

29 

47 

12 

40 

16 

25 

7 

44 

9 

43 

8 

17 

5 

Pneumonia 

72 

15 

43 

16 

27 

8 

40 

12 

30 

15 

19 

6 

45 

10 

3S 

7 

16 

4 

Tuberculosis 

<32 

12 

29 

10 

12 

3 

17 

5 

10 

4 

11 

3 

14 

3 

12 

2 

6 

2 

Typhoid 

49 

10 

0 

0 

0 

0 

22 

3 

0 

0 

0 

0 

7 

1 

1 

0 

1 

0 

Appendicitis 

24 

5 

14 

5 

3 

1 

12 

4 

3 

1 

2 

1 

9 

2 

11 

2 

o 

5 

Other infections 

37 

8 

40 

16 

24 

7 

23 

6 

21 

8 

7 

2 

22 

5 

24 

4 

2 

5 

Miscellaneous 

OS 

14 

37 

13 

77 

22 

89 

23 

40 

16 

86 

26 

93 

20 

114 

19 

00 

17 

■Heart disease 

4G 

9 

39 

13 

73 

20 

09 

18 

73 

29 

145 

44 

115 

25 

248 

43 

19S 

56 

Renal disease 

Cerebral hemorrhage and 

22 

4 

9 

3 

15 

4 

43 

11 

7 

3 

11 

3 

53 

11 

20 

3 

6 

2 

thrombosis 

9 

2 

0 

2 

20 

6 

24 

6 

20 

8 

26 

8 

65 

14 

70 

12 

45 

13 

AH cardiovascular renal diseases 

77 

15 

54 

18 

10S 

30 

136 

35 

100 

40 

1S2 

55 

233 

50 

33S 

5B 

249 

71 


common, and Chnstian’s 15 teaching of the im- 
portance of difteientiatmg between cardiac and 
renal dropsy also played a part m increasing the 
number of repoits of caidiac deaths at the ex- 
pense of those previously reported as due to renal 
disease Accidental deaths and deaths by suicide 
ivere grouped together as accidents, because in 
many instances it was difficult to ascertain 
whethei a given death was self induced or was 
m fact due to misadventure Cancer was re- 
garded as a miscellaneous disorder, just as were 
rheumatic heart disease, cirrhosis of the liver, 
diabetes, the late effects of syphilis, postoperative 
deaths and the lymphomas or anemias, while sub- 
acute bacterial endocarditis rvas grouped with the 
unspecified infections The results were ex- 

13 Herrick, J B Clinical Features of Sudden 
Obstruction of the Coronary Arteries, J A M A 59 
2015-2020 (Dec 7) 1912 

14 Epstein, A A The Nature and Treatment of 
Chronic Parenchimatous Nephritis (Nephrosis), J A 
M A 69 444-447 (Aug 11) 1917 

15 Christian, H A The Mechanism of Edema, 
T \ M A 97 296-299 (Augl) 1931 


to evaluate the data in a more compi ehensive 
fashion and to give consideration to the numbei s 
involved, an attempt was made to estimate v r hat 
vital statisticians term specific death rates Ac- 
cording to Linder and Grove, 10 the specific death 
rate is a ratio the denominator of which repre- 
sents the total number of deaths from any cause 
that could happen and the numerator the number 
that did happen The specific death late foi each 
cause of death listed m table 2 and m each age 
group w'as obtained by the formula wffiich they 
have advocated 



where 

m = specific death rate for any defined cause 
d = deaths occurring to persons in a defined group 
from a defined cause within a stated time 
p =r population in the defined group exposed to the 
risk of death from the defined cause within 
the stated time 

k = a con stant— 100,000 in the tables reported here 

16 Linder, F E , and Grove, R D Vital Statistics 
Rates in the United States 1900-1940, United States De- 
partment of Commerce, Bureau of the Census, 1943 
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In using this formula the number of deaths 
trom any cause for any of the years or age 
groups considered was estimated by applying to 
the total deaths for the yeai and to the age group 
under consideration the percentage values of each 
of the causes of death that had been listed The 

Table 3 — Calculation of Specific Death Rate from 
Different Causes pet Hundred Thousand 
Physicians Less Than Foity Years 
Old for Year 1907 


Cause 

Specific 
Death 
Kate per 
Per Total 100,000 

Number centage Deaths for Each 
m of for Cause 

Series Cases Tear Listed 

Total cases , 

493 

100 

338 

564 

Accidents 

104 

21 

71 

119 

Pneumonia 

72 

15 

51 

85 

Tuberculosis 

62 

12 

40 

67 

Typhoid 

49 

10 

34 

57 

Appendicitis 

24 

5 

17 

28 

Other infections 

37 

s 

27 

45 

Miscellaneous 1 

6S 

14 

47 

78 

411 cardiovascular renal diseases 

77 

15 

61 

85 


There has been a satisfactoiy diminution in the 
relative number of deaths from all causes and 
among all ages, especially notable among those 
under 40 but perceptible among those over 60 
This statement merely reiterates that, as fewer 
younger physicians die each year, it is inevitable 
there should be more deaths among those who are 
older 

Almost any historian, m glancing backward, 
would say that since 1907 the jugulation of 
typhoid fever, the suppression of tuberculosis and 
syphilis, improvements m preoperatne and post- 
operative care, the development of new surgical 
technics and the discovery of chemothei apeutic 
agents like the sulfonamide drugs and penicillin 
aie among the more conspicuous milestones As 
each one has been passed, physicians as well as 
their patients have benefited 

In 1907, typhoid, next to pneumonia and tuber- 
culosis, was the illness most often fatal to begm- 


Table 4 — Common Causes of Death Among Physicians by Age Groups per Hundred Thousand in 1907, 

1931 and 1942 (Specific Death Rate) 


under 40 


40 to 49 


50 to 69 
* 


Cause 

1907 

1931 

1942 

1907 

1931 

1942 

1907 

1931 

1942 

All causes 

564 

247 

195 

809 

709 

493 

1,880 

1,875 

1,673 

Accidents 

ng 

55 

67 

98 

114 

34 

169 

151 

85 

Pneumonia 

85 

39 

16 

98 

106 

29 

191 

131 

66 

Tuberculosis 

67 

25 

6 

39 

28 

13 

55 

38 

33 

Typhoid 

67 

0 

0 

23 

0 

0 

16 

0 

0 

Appendicitis 

28 

12 

1 

33 

8 

5 

37 

38 

9 

Other infections 

45 

39 

14 

49 

56 

10 

92 

76 

9 

Miscellaneous 

78 

32 

43 

184 

114 

132 

371 

35S 

284 

Heart disease 

50 

32 

39 

148 

205 

215 

480 

800 

939 

Renal disease 

23 

7 

8 

88 

22 

15 

207 

55 

33 

Cerebral hemorrhage and thrombosis 

12 

6 

12 

49 

56 

40 

262 

228 

215 

All cardiovascular renal diseases 

85 

44 

69 

285 

283 

270 

949 

1,083 

1,187 


60 and Over 

r A "> 

1907 1931 1942 

6,838 6,770 6 380 




figures m table 1 were used for the population 
figures of the different groups 

As an example of the manner in which these 
problems m arithmetic were actually solved, con- 
sider the year 1907 and the deaths among phy- 
sicians who were 40 years old and less In that 
year and age group there were 59,880 physicians 
alive, of whom 338 died By applying the per- 
centage figures of the common causes of death 
of men m that age gioup at about that time to 
these 338 deaths, each was accounted for in a 
fashion designed to illustrate the average picture 
of the times, and thereafter population figures 
were applied according to Linder and Grove’s 
formula 

This method of using the figures was employed 
throughout, and a tabulation was made by which 
the specific death rate from common causes 
among physicians at different ages and times 
were compared 

The table summarizes in diagrammatic form 
much of the progress of medicine for the last 
thirty-five years as it affects the profession 


nmg practitioners Now there is no typhoid 
Pneumonia, next to misadventure, was the most 
frequent cause of death to the young, and it 
caused older physicians as well to slip out of the 
world with great regularity First came antiy 
pneumococcus serum and next sulfonamide com- 
pounds and penicillin, so that now this disease 
is much less threatening 

Relatively speaking, there are fewer fatal acci- 
dents than there were Trains, bad roads, pool 
lighting and the horse and buggy actually were 
more dangerous to physicians than are automo- 
biles and airplanes Syphilis also probably played 
a part in making life hazardous At least there 
were many more persons, both within and without 
the ranks of the medical profession, who were 
abnormally irascible, so that many moie phy- 
sicians wei e killed m those times than now , and 
there were a number of deaths from late syphilis, 
which now are no longei encountered 

The effect of advances in suigery is suggested 
by the figures for appendicitis The treatment of 
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appendicitis has unproved steadily, so that now 
this disease is of little danger to physicians In 
1907, or about that time, a number of deaths 
were reported concerning which no other infor- 
mation was given than that they followed an 
unspecified type of operation At piesent, post- 
operative deaths from any cause are reported 
much less frequently 

Tubeiculosis has been fought steadily Among 
younger physicians, relatively, it is much less 
serious than it was, indicating at least that the 
caieful search for it during the last few years 
which has been made among medical students 
has yielded results Other infections, hke cere- 
brospinal meningitis or erysipelas to mention two 
striking examples, have come under control re- 
cently On the whole, it is plain that the lives 
of many physicians are now being saved each 
vear which hitherto were lost 

The deaths from vascular disease are of par- 
ticular interest The specific death rates from 


chosen because an overwhelming majority of 
physicians aie white, are men and are above this 
age limit Linder and Grove have divided the 
population into ages of 25 to 34, 35 to 44 and 
so on Therefore, interpolations were adopted 
to make their age classification coincide with the 
one established heie The interpolations were as 
simple as possible to compare with the figures 
for physicians w T ho were under 40, all of the fig- 
ures for the 25 to 34 age group of Lmdei and 
Grove were used and one half of those of the 
35 to 44 group, and to compare with those for 
the 40 to 49 age group of physicians, half of the 
figures m the 35 to 44 group and half of those m 
the 45 to 54 group of Lmder and Grove w r eie 
employed Similar calculations were used m the 
50 to 59 year group, and, finally, to compare wuth 
the figures for physicians 60 years old and over, 
half of those of Linder and Grove for 55 to 64 
were used and all their figures for ensuing ages 
This method, as Emerson 17 pointed out, is not 


Table 5 — Death Rates ftom Cettam Causes pet Hundied Thousand Physicians in 1942 and m White 
Men More Than Twenty-Five Yeats Old m 1940 (Specific Death Rate) 



Under 40 

40 to 49 

50 to 59 

60 and Over 


r 

White 


White 

r 

White 

{ 

White 

Cause 

Physicians 

Men 

Physicians 

Men 

Physicians 

Men 

Physicians 

Men 

All causes 

195 

535 

493 

723 

1,073 

1,830 

6,380 

5,800 

Accidents 

67 

128 

34 

99 

85 

131 



Pneumonia 

15 

20 

29 

40 

66 

SO 



Tuberculosis 

G 

70 

13 

71 

33 

93 



Heart disease 

39 

80 

215 

107 

939 

578 



Renal disease 

8 

20 

15 

42 

33 

117 



Cerebral hemorrhage and 









thrombosis 

12 

12 

40 

38 

215 

130 



All cardiovascular renal diseases 

59 

112 

270 

247 

1,187 

825 




renal disease and cei ebral hemorrhage or throm- 
bosis appear to be diminishing m each age group, 
while those from heart disease among physicians 
over 40 are increasing Possibly the emascula- 
tion of certain acute infections has diminished 
the incidence of glomerulonephritis, though it 
seems more piobable that this apparent trend is 
due to nothing more significant than variation 
m terminology The basic pathologic factor m 
almost all the cases within these three groups 
is vascular disease Tf they are considered as a 
single unit and as one disease, their specific death 
late m the different age groups and at different 
times has i emamed l emarkably constant 

Physicians differ little from the rest of the 
citizens of the United States in lespect to the 
causes of their deaths at different ages Linder 
and Grove have constructed a table giving the 
specific death rates of the country for eight lead- 
ing causes in 1940, from which certain compari- 
sons can be made wuth the figures of 1942 
concerning physicians In this comparison the 
figures for wdnte men above the age of 25 from 
Lmder and Groie were used This group was 


accurate, though the eriors introduced piobably 
do not affect the results 

The data in the table so constructed suggest 
that physicians up to the age of 60 are somewhat 
protected as a class, considerably fewer of them, 
for example, die of accidents and tuberculosis 
than of their controls, and their specific death 
rate from all causes is lower On the other hand, 
their death rate from heart disease for persons 
over 40 is higher This higher rate, however, is 
partially compensated for by their lessened liabil- 
ity to renal disease Physicians past 50 appear 
to have proportionately moie fatal cerebral vas- 
cular accidents than do members of the non- 
medical population and a slightly higher death 
rate from all causes than have men m other occu- 
pations Emerson and Hughes 15 reported similar 
conclusions m 1926 

17 Emerson, H Personal communication to the 
author 

Emerson, H, and Hughes, H E Death Rates 
of Male White Phjsicians in the United States by Age 
and Cause, Am J Pub Health 16 1088-1093 (Nov ) 

i no /" ' * 
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If, once again, deaths from heart disease, renal 
disease and cerebral vascular disease are grouped 
together, physicians between 40 and 60 years of 
age appear to die a little more commonly from 
these causes than do members of the general 
white male population, probably because they 
have a better chance of avoiding death from other 
insults The differences at best are so slight as 
to be scarcely outside the limits of erroi entailed 
in the calculations 

In brief, there is nothing to prove that there 
has developed m the medical profession an omi- 
nous liability to coronary thrombosis or to any 
other manifestation of vascular disease Nor has 
evidence yet developed to suggest that the danger 
to older physicians of overwork in wartime is 
much more than a bugbear The viewpoint of 
Riesman and Hains and of Chadwick is sound 
The increasing number of deaths among phy- 
sicians each year from vascular disease is the 
price of medical advancement So long as phy- 
sicians continue to improve their methods and to 
build up a profession whose members grow 


steadily older in years and larger in numbers, 
the moi tality from vascular disease will increase 

Roger Lee 19 has written an essay which all 
physicians should read Speaking of vasculai 
disease m general, he said that at the moment 
there is no method or clue for lessening its mor- 
tality He went on to suggest, as did Osier 20 
before him, that worry rather than hard work 
is the more baneful influence m life In order to 
pass old age as gracefully as possible, he advised 
his readers at all costs to maintain some sort 
of objective m life lest lacking this they literally 
curl up and die When all is said and done, can 
any hard working practitioner, as an end to his 
career, ask for a fate more honorable than, like 
Phrontes m the Odyssey, to be struck suddenly 
by the gentle darts of Apollo and to be dropped 
dead with the steering oar of the moving ship 
within his hands? 

19 Lee, R I Geriatrics The Medical Care of the 
Elderly, New England J Med 230 190-193 (Feb 17) 
1944 

20 Osier, W Aequammitas, ed 3, Philadelphia, 
P Blakiston’s Son & Co , 1932 



ABSENCE OF ELECTROCARDIOGRAPHIC CHANGES IN 
TSUTSUGAMUSHI FEVER (SCRUB TYPHUS) 

REPORT Or . TWO HUNDRED CONSECUTIVE CASES 

LIEUTENANT COLONEL WILLIAM L HOWELL 

MEDICAL CORPS, ARMY OF THE UNITED STATES 


Observers of the tsutsugamushi fever (scrub 
typhus) which occurred in our Armed Forces 
early m the New Guinea Campaign, noted peri- 
vascular and interstitial infiltration of the myo- 
cardium with inflammatory cells plus changes m 
the muscle fibers of a varying degree 1 Weak- 
ness and tachycardia were not uncommon m 
soldiers convalescent from the more severe infec- 
tions Because of these observations, the im- 
pression has .been gamed that lesidual cardiac 
damage might follow tsutsugamushi fever 


Table 1 — Time oj Obtaining Electrocai diogi am 



Number Per Cent 

During acute stage 

10 

6 

1 to i neels convalescent 

184 

92 

0 to 12 months convalescent 

6 

3 


The present study was undertaken to deter- 
► mine the possibility of electi ocardiographic evi- 
dence of residual myocardial damage Tracings 
were obtained for 200 consecutive patients ad- 
mitted to a station hospital between May 23 ’ 
and Sept 1, 1944 Patients were seen at vary- 
ing intervals following the onset of the disease 
It will be seen in table 1 that 184 (92 per cent) 
of the group were examined withm one to four 
weeks after the acute symptoms had subsided 
Tracings were obtained for 10 patients during 
the height of the disease, while 6 others were 
examined six to twelve months after then illness 
All were men 

Ninety per cent acquued their infection while 
m one of four of the highly endemic areas m 
New Guinea The distubution of these is seen 
in table 2 

Of the recent convalescent group, 48 per cent 
showed evidence of eschais, 89 per cent still had 
some degree of adenopathy and all gave a history 
of a sustained febrile illness of seven to twenty- 

1 Corbett, A J Scrub Typhus, Bull U S Arm} 

M Dept, No\ ember 1943, no 70, pp 34-54 Lipman, 
i* B L , Bj ron, R A , and r Casey, A V Clinical 

Surrey of Scrub Typhus Fever, ibid, January 1944, 

no 72, pp 63-70 


four days’ duration The blood serum of 50 per 
cent of the group still produced agglutination 
of Bacillus proteus Kingsbury strain in dilution 
of I 160 or higher 

ELECTROCARDIOGRAPHIC OBSERVATIONS 

In no instance was there an abnormal pattern 
which could be attributed to the disease The 
original tracing taken for 1 patient showed the 
diphasic T wave in lead I and inverted T waves 
m leads II, III and IV F A short QT interval 
caused a digitalis effect to be suspected 2 In- 
vestigation revealed that this man had received 
14 cat units of digifolm intramuscularly ten days 
previously An electrocardiogram taken after a 
lapse of two weeks showed upright T waves m 
the limb leads, there was a shallow inversion 
of the T wave m lead IV and the QT interval 
had returned to normal 3 

Isolated deviations from the normal, based on 
the standards of the Criteria Committee of the 
New York Heart Association m 19,39, occurred 
m 44 per cent of the patients This value is 
comparable to that obseived by Viscidi and 
Geiger m their study of 486 adults between the 
ages of 18 and 38 4 In none of their cases was 


Table 2 — Area in Which Injection Was Acquired 


Area 

Per Cent 

I 

27 

II 

255 

III 

17 5 

IV 

17 5 

Others 

10 


there a history of acute rheumatic fever or ob- 
jective evidence of cardiac disease Using the 
same criteria, they found isolated deviations fiom 


2 The value of K m Bassett’s formula, 

k=- 7 =SL= 

V cycle length, 

was 0 342 as compared with the normal of 0 392 

3 The value of K became 0 400 

4 Viscidi, P C, and Geiger, A J Electrocardio- 
graphic Observations on Five Hundred Unselected 
Adults at Work, Am Heart J 26 763-768 (Dec) 
1943 
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the normal m 48 8 per cent of their tracings 
The incidence of the various types of isolated 
deviations from the normal occuning ,m then 
group as compared to this one is listed in table 3 
It will be noted that they are m close agreement 
in most intsances Delayed auriculoventricular 
conduction was present four tunes (0 8 per cent) 

Table 3— Incidence of Deviations 


Limb Leads 

Viscidi and This 

Geiger s Senes Series 

A A l 


Criteria 

No 

% 

No 

% 

P Wave 

Direction Imerted in two leads 

1 

02 

0 

0 

Amplitude Largest P ware less than 
0 5 or more than 2 5 mm 

Duration 012 second or more 

1 

02 

1 

1 

05 

05 

PR Interval 

0 22 seconds or more 

4 

08 

0 

0 

QRS Complex 

Duration More than 0 10 second 

2 

04 

0 

0 

Amplitude Less than 5 mm in lead 
with largest amplitude or sum of 
over all dimension in the 3 leads 
less than 15 mm 

Q 

1 8 

3 

25 

Contour Slurring in 2 or more leads 

120 

25 2 

52 

20 0 

Deep Q waves (exceeding 15%, 20% 
or 23% of largest QRS amplitude in 
leads I, II or III respectively) 

8 

1 G 

0 

0 

Axis demotion More thnn slight 

5 

10 

0 

0 

RS-T Junction 

Deviation from isoelectric lerelof more 
than ± 1 mm 

G 

12 

3 

15 

T Wave 

Abnormal direction oi amplitude 

19 

38 

12 

G 

Q T Duration 

The value of K in formula K = QT/ 
Vcyclo length exceeds normal of 0 392 

85 

17 

31 

15 5 

Pericordiol Lead IV 

P Maie 

Direction Inverted more than 0 5 mm 

F 

33 

7 

2 

1 

Amplitude Greater than 1 5 mm 

2 

04 

0 

0 

QRS Complex 

Amplitude Clver all dimension less 
than 8 mm ' 

80 

1G 

7 

35 

It Ware Less than 3 mm 

4 

08 

5 

25 

Q Wave More than 3 mm 

2 

04 

0 

0 

RS T Junction 

Deviation from isoelectric level or more 
than — OG mm or +2 0 mm 

0 

0 

0 

0 

T Wave 

Abnormal direction or amplitude 

19 

38 

3 

15 


and delayed mtraventi lcular conduction occun ed 
twice (0 4 per cent) in their group, whereas 
neither occurred m this series Deep Q waves 
occurred eight tunes (16 pei cent) in their 
group but did not appear m this series Abnoi- 
mahties in the direction and amplitude of T 
waves was slightly less common m the limb 


leads (3 8 per cent as against 6 0 pei cent) but 
slightly more common m the precordial lead 
(3 8 per cent as against 1 5 per cent) in their 
group as compared to this senes (Inversion of 
the T wave occuned only once in the typhus 
group ) Low voltage of the QRS complex in 
the precordial lead was four and one-half times 
as common (16 per cent as against 3 5 per cent) 
in their series as in this one There was a 
slightly greater incidence of low R waves m 
the group with tsutsugamushi disease (2 5 per 
cent as against 0 8 per cent), but this may be 
explained by the fact that all tracings were taken 
with subject in the supine position In no 
instance was the R wave in lead IV less than 
±10 mm 

COMMENT 

The absence of conduction disturbances and 
abnormal changes in the T waves m the electro- 
cardiograms of this study is significant A sim- 
llai absence would not be expected after acute 
lheumatic fever oi diphtheria, acute infections 
known to affect the heart muscle Typhoid and 
othei acute infections produce inflammatory 
changes in the myocardium similar to those seen 
in tsutsugamushi fever, without leaving demon- 
strable residual myocardial damage Tachycar- 
dia which sometimes follows tsutsugamushi fever 
may well be vasomotor m origin, as it is m other 
prolonged febrile illnesses 

SUMMARY AND CONCLUSION 

1 An electrocardiographic study was made of 
200 consecutive patients convalescent from tsu- 
tsugamushi (sciub typhus) fever 

2 No abnoimal electrocardiographic patterns 
weie found 

3 The incidence of isolated deviations from 
the normal was no higher than that found in 
the electrocardiograms of healthy persons of the 
same age 

Lieutenant Colonel Philip W Brown, Medical 
Corps, Armv of the United States, gave help and 
criticism in this study, and Sergeant Stephen E Fedor- 
cha, Medical Department, Army of the United States, 
supplied technical assistance 



SOUTH AMERICAN TRYPANOSOMIASIS (CHAGAS DISEASE) 
LIEUTENANT COLONEL VINCE MOSELEY and CAPTAIN HENRY MILLER 


MEDICAL CORPS, ARMY Or THE UNITED STATES 


The varied geographic aieas m which Amer- 
ican troops are stationed 01 operating m the 
present war are such as to expose them to a 
variety of diseases, some of which, though not 
larities m the respective locales where infections 
may occur, are exotic if considered m the light 
of daily medical practice in the United States 
Some of the diseases are of more serious con- 
sequence m the chronic stages than m the more 
acute periods and, unfortunately, more difficult 
to diagnose then Many of the tropical pro- 
tozoan diseases are of this character It is a 
matter of no small consequence, therefore, that 
all physicians m the United States should have 
a widei knowledge of these and other tropical 
diseases than a mere acquaintance with their 
names Cluneal leports of the observations 
made by medical officers serving with American 
forces in the various theaters of opeiations will 
do much to acquaint American physicians with 
the more unusual diseases encountered among 
the tioops and prepare the giound foi more 
prompt recognition and tieatment in the less 
obvious stages of development that may be en- 
countered among some of them aftei letum from 
foreign theaters Needless to say, preventive 
measures to insure against spread of the diseases 
will also be more adequatel) anticipated and 
instituted 

It has been our privilege to make a diagnosis 
for, study and treat 2 American soldiers with 
South American trypanosomiasis, or Chagas’ dis- 
ease Both were infected by the causative trypa- 
nosome in Panama, and both weie obseived 
during the acute stage of the disease Although 
endemic cases of Chagas’ disease have been 
lecogmzed m neaily every Ameucan countiy 
fiom Mexico to Aigentma, few lepoits and 
obseivations on the acute foim of the disease m 
adults have been recoided m the Ameucan 01 
English medical hteiatuie From obseivations 
that have been previously made on the disease 
m Panama, it has been supposed that m this 

Owing to lack of space, this paper has been abbre- 
> Mated for publication in The Archives by omission of 
a number of the illustrations The complete article will 
appear m the authors’ reprints 


area the disease, particularly m adults, is not 
clinically distinctive 1 

In these 2 men, however, the acute stage of 
the disease was manifested by clinically distinc- 
tive symptoms, and m the second patient the 
disease picture was of the same type as has been 
observed in Brazil, Argentina and other South 
and Central American countries Because of 
these facts and m order to call attention to the 
cardiac manifestations that may be exhibited 
during the acute and the chronic phases of the 
illness, we are presenting our observations on 
the 2 patients and also a brief summary of the 
more recent literature on Chagas’ disease 

Chagas’ disease, or South American trypano- 
somiasis, is essentially and primarily a disease 
of animals It was first recognized and studied 
as such by Chagas in 1907 In 1909 he first 
recognized the disease in man Many species 
of small mammals have been found to be 
naturally infected, and many others have proved 
experimentally to be capable of infection Not 
only may the naturally infected mammals, such 
as the armadillo, opossum, rat and bat, serve 
as reservous for the spread and transmission 
of the disease, but domesticated animals, such 
as the dog, cat or guinea pig, may also become 
links m the transmission to man lc> d 

The etiologic agent is a protozoan parasite. 
Trypanosoma cruzi, which invades the blood 
and tissues of man or other mammalian hosts 
It is transmitted from animal to man and from 
animal to animal through the medium of an 
insect vector of the genus Triatoma The insect 
is infected only thiough the medium of infected 
blood from some mammalian host, T cruzi is 
not transferred from insect to insect 2 The lar- 

1 (a) Johnson, C M , and Reiser, R A The Inci- 

dence of Chagas’ Disease m Panama as Determined by 
the Complement-Fixation Test, Am J Trop Med 17 . 
385, 1937 (b) Johnson, C M, and De Rivas, C T 

Six New Cases of Chagas’ Disease in Panama with a 
Review of Previous Cases, ibid 16 47, 1936 (c) Clark, 

H C , and Dunn, L H Experimental Studies on 
Chagas’ Disease in Panama, ibid 12 49, 1932 ( d ) 

Johnson, C M American Trypanosomiasis, M Clm. 
North America 27 822, 1943 

2 Strong, R P Stitt’s Diagnosis, Prevention and 
Treatment of Tropical Diseases, Philadelphia, The 
Blakiston Company, 1942, vol 1, pp 207-228 

219 



220 


ARCHIVES OF INTERNAL MEDICINE 


val and nymphal forms may become infected and 
also seive as vectors Experimental infections 
or at least harboring of the trypanosome has 
also been produced m other blood-suckmg in- 
sects of the bedbug and tick families 3 

Although the disease to date has been con- 
sidered as one limited to South or Cential 
American legions, it is to be remembered that it 
could become endemic in the United States 
Naturally infected triatomas and ones capable of 
acting as vectors if infected have been found 
in the states of California, Texas, Arizona, New 
Mexico, Utah and Florida 4 Johnson, ld how- 
ever, has pointed out that only those triatomas 
which invade houses are of epidemiologic im- 
portance for the human disease Clark le has 
also pointed out that it is usually only as a con- 
sequence of man’s moving m and disturbing the 
natural ti latoma-mammal, parasite-host relation- 
ship that he becomes a victim of the infection 
Most authonties believe that the trypanosome 
enters the blood and tissues of its host from 
contamination of the wound at the feeding site 
or of a wound on a mucous membiane surface, 
such as the conjunctiva of the eye, by trypano- 
somes in the fecal matenal deposited neaiby by 
the insect vectois 5 * Thus the modus operandi 
of transmission is similar to that by which epi- 
demic typhus is tiansnntted to man by the louse 
rather than to that by which the malarial plas- 
modium is intioduced b) the female anopheles 
mosquito 

3 Strong 2 Johnson ld 

4 (a) Kofoid, C A , and Whitaker, B C Natural 

Infection of American Human Trypanosomiasis in Two 
Species of Cone-Nosed Bugs, Triatoma Protracta Uhler 
and Triatoma Uhlen Neiva, in the Western United 
States, J Parasitol 22 259, 1939 Packchaman, A 
Natural Infection of Triatoma" Gerslakeri with Tryp- 
anosoma Cruzi m Texas, Pub Health Rep 54 1547, 
1939 Wood, F D, and Wood, S F Present Knowl- 
edge of the Distribution of Trypanosoma Cruzi m 
Reservoir Animals and Vectors, Am J Tr op Med 
21 335, 1941 Wood, S F Notes on the Distribution 
and Habits of Reduvnd Vectors of Chagas’ Disease m 
the Southwestern United States, Pan Pacific Entomolo- 
gist 17 85, 1941 Wood, S F Observations on 
Vectors of Chagas’ Disease m the United States II 
Arizona, Am J Trop Med 23 315, 1943 Pack- 
chanian, A Infectivitv of the Texas Strain of Trypano- 
soma Cruzi to Man, ibid 23 309, 1943 (5) American 

Trjpanosomiasis in Brazil, Foreign Letters, JAMA 
121 65 (J an 2) 1943 

5 (a) Brumpt, E Mode de transmission de la 
maladie de C Chagas, Ann de parasitol 17 320, 1939 
(b) Denecke, K, and von Haller, E Recherches ex- 
perimentales sur le mode de transmission et le cours de 
1'infection par Trypanosoma cruzi chez les souris, ibid 
17 313, 1939 (c) Chagas, E L’infection experi- 

mentale chez Thomme par Schizotrypanum cruzi, Compt 
rend Soc de biol 118 280, 1935 ( d ) de Andrade, C 

Chagas’ Disease Ocular Conjunctiva as Most Frequent 
Site of Infection, Arch Ophth 26 341 (Sept ) 1941 


Aftei a variable period in the blood stream, 
the trypanosome invades the paienchymal cells 
of some oigan for which it has a predilection, 
m which it assumes the leishmanial foim and 
multiplies by longitudinal splitting Multiplica- 
tion of the leishmanial form continues until the 
affected cells rupture and the parasites escape to 
reinvade the blood stream or other tissue cells 

The most fiequent sites for invasion of tissue 
and piohfeiation by the parasites are the heart, 
bram and hvei The voluntary muscles, spleen, 
lymph nodes, adrenals, ovaries, testes, thyroid 
and skin have also been found to be invaded 

Johnson G has demonstrated that as long as the 
parasitized cells remain intact there is no cellular 
leaction However, the rupture of the cell and 
the liberation of the parasites call forth an intense 
inflammatory reaction with infiltration of macro- 
phages, lymphocytes and plasma cells in the 
intei stitial and perivascular spaces After the 
rupture of the affected cells, the lesion is healed 
by fibioblastic proliferation and scai tissue for- 
mation 

The clinical symptoms of Chagas’ disease have 
been found to be varied, ranging from acute 
manifestations of the type associated with any 
severe febrile illness to symptoms so negligible 
as to pass unnoticed by the patient and even by 
the physician Paiticularly has this lack of 
symptoms been noted m the disease as it has 
been previously observed among adults in 
Panama 1 It is only dunng the acute stage of 
the disease that the clinical pictuie is diagnostic 
In the chronic stages, the symptoms and signs 
exhibited aie a leflection of the damage piesent 
in some oigan, most often the heart 

In his eaihei papers Chagas described m de- 
tail vanous foims of the disease, which he 
divided into five clinical types, namely, the 
pseudomyxedematous, the myxedematous, the 
caidiac, the neivous and the chronic form with 
subacute manifestations He attnbuted these 
syndiomes to involvement by the tiypanosome 
of the heait and biain and of the thyroid, testes 
and other endocnne glands In lecent yeais, 
it has been conclusively demonstiated that such 
syndromes aie not the result of infection with 
T cruzi alone but are manifestations of othei 
associated conditions, such as endemic goiter and 
cretinism which diseases are frequently observed 
m ceitain of the areas wheie Chagas made his 
onginal obseivations 7 

6 Johnson, C M Cardiac Changes in Dogs Ex- 
perimentally Infected with Trypanosoma Cruzi, Am J 
Trop Med 18 197, 1938 

7 Lobo L , A Doenca de Chagas e bocio endemico, 
Brasil-med 53 1031,1939 Johnson 1(1 Strong 2 Foot- 
note 4 b 
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In children and also at times m adults the 
infection is manifested as an acute febrile illness 
which a aries considerabl) m severity, and m 
\oung persons it often terminates fatall) As 
a rule the a ounger the patient the mote set ere 
the st mptoms The incubation period is betn een 
se\en and fourteen dais being ten to tvehe 
dai s in experimental!} infected human beings s 
The feier mat last from a few days to several 
weeks with the temperature ranging to 104 F 
or higher There does not appear to be any 
specific type of temperature cun e but the fe\ er 
is usualh remittent or intermittent m t\pe 9 
A common earh sign of the disease, suffi- 
ciently characteristic to be of diagnostic ralue, is 
the unilateral (occasionally bilateral) trypano- 
somal ophthalmia which has been designated 
Romana s sign The swelling of the lids starts 
abruptly extends outward to involve the neigh- 
boring tissue of the face and tends to disappear 
slowly Painless edema, a reddish violet dis- 
coloration of the lids with conjunctival inj'ection 
and occasionally, chemosis are present The 
cornea is not affected and conjunctival secretion 
is scant} The preauricular parotid submaxil- 
lar}- or cervical limph nodes on the same side 
are frequenth enlarged Clinical cases often are 
characterized b} this stubborn unilateral ophthal- 
mia which persists throughout the acute febrile 
stage of the disease It is behered that the in- 
flamed e}e marks the site of inoculation of the 
infected material from the'' redituid vector 10 
Experimentally it has been shown that human 
beings and animals can be infected by har mg the 
excreta of infected bugs placed on the con- 
junctiva 11 

In cases of severe infection an extensi\e 
edema, invoking not only the face but the ex- 
tremities and e\ en the whole body has been de- 
scribed It is said to be a hard edema of elastic 
consistency, which does not pit on pressure 
Chagas believed that the edema w as due to a myx- 
edematous infiltration of the subcutaneous tissues 
resulting from the specific action of the parasite 
and its toxm on the th} roid gland, a view u hich is 
no longer tenable 12 Transient edemas character- 

8 Strong 2 Chagas 3c 

9 Mazza, S, and others Imestigaaones sobre la 
enfermedad de Chagas, Publication 43, Unnersidad de 
Buenos Aires, ifision le estudios de patologia regional 
argentma, Buenos Aires, Unnersidad de Buenos Aires, 
1940 , Publications 46 and 51-53 Johnson 13 Strong 2 

10 Chagas, E and Dias, E Romana Sign, Hospital 
Rio de Janeiro 19.185, 1941 

11 Johnson 13 Footnote 5 

12 Yorhe, W Chagas Disease A Critical Review, 
Trop Dis Bull 34 2/5, 1937 Johnson 13 Strong 2 
Footnote 4 b 


is tic of the early stages of African tr} patiosomiasis 
are assumed to be due to a general toxic action of 
the parasite and it is probable that the edema 
of the acute stage of Chagas"’ disease is a closely 
related phenomenon There is little doubt that^ 
the edema obsert ed m the chronic stage marked 
by severe m}Ocardial damage is simph a result 
of cardiac decompensation 

In some cases the clinical signs and symptoms 
of meningoencephalitis are the predominating 
obsen ations These cases are almost utnforml} 
fatal The bram and meninges, wffien involved, 
are congested and edematous, with numerous 
small inflammatory foci scattered throughout the 
bram substance On section, these lesions are 
found to consist of collections of neuroglia and 
mononuclear cells These foci are not related 
to the blood a essels and occur m all parts of the 
bram Parasites may be found m the spinal 
fluid m the neuroglia and m the large mono- 
nuclear cells of these inflammatory foci 

Because of the apparent predilection of T 
cruzi for the myocardium, cardiac sa mptoms are 
frequent accompaniments of the disease In 
general the cardiac manifestations of the acute 
stage are ill defined and may be indicated solely 
by the distant quality of the heart sounds, tachy- 
cardia and definitely irregular rate and rhythm 
The acute stage lasts from four to eight Aveeks , 
and, m those patients a\ ho survive, the tempera- 
ture returns to normal, trypanosomes disappear 
from the blood, and the edema and other signs 
of disease disappear Occasionally the acute 
stage is prolonged for months E Chagas 13 
stated the belief that m the absence of reinfection 
the disease may die out, a\ bile C Chagas and 
others haAe stated that spontaneous cure does 
not occur and that those aa ho escape death go on 
into the chronic stage of tbje disease w 

At death, m the acute stage of the disease, 
the heart is usually found to be enlarged and 
often shows a }ellowish mottling of the myo- 
cardium Occasional!} the pencaidial sac con- 
tains an excess of fluid of a greenish or }ellowish 
green color sometimes containing a few fibrinous 
flakes According to Chagas, cardiac enlarge- 
ment is due primarily to dilatation, with little 
or no ni} ocardi^I hypertroph} 15 Microscopi- 
cally, an intense tmocarditis aa ith parench}- 
rnatous degeneration and an associated infiltra- 
tion of the interstitial tissues by 1} mphoevtes 
plasma cells, round cells and macrophages is 
observed The muscle fibers are widely sepa- 

13 Chagas, E Suminula dos conhecimantos actuaes 
sobre a Trj panosomiase Americana, Mem Inst Osw-aldo 
Cruz 30-3S7, 1935 

14 Johnson 13 Strong 2 Yorke 12 

15 Chagas, C A forma cardiaca da Trj panosomiase 
Americana, Arch brasil de med 18*46, 1929 
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lated from one anothei, and some show frag- 
mentation and hyaline degeneration Laige 
nests of the leishmanial foim of the parasites 
may be found either m the muscle fibers them- 
selves or m laige mononuclear cells lying be- 
tween the muscle fibei s If the pai asitized fibei s 
lemain intact, there is no cellulai reaction aiound 
them or edematous separation It is only aftei 
rupture and liberation of the parasites that the 
chai actenstic intense inflammatory leaction 
occurs 0 The epicardium and endocai dium like- 
wise often show signs of cellulai infiltration and 
of nests of parasites 

If the disease progresses, cardiac symptoms 
become more manifest The patient may com- 
- plain of easy fatigability, palpitation, faintness 
vertigo, exeitional dyspnea \ague precordial 
pains and a sense of constriction in the chest 
Occasional ladiation of pain to the neck has been 
described The more common physical signs are 
cardiac enlaigement edema, fall of blood pres- 
sure and caidiac aiihythmias Clinical and 
loentgenologic examination may reveal cardiac 
enlargement usually involving both ventricles 
but especially the left This enlargement may 
progiess with the disease and reach the degree 
of a cor bovinum 

The changes that occur m cases characterized 
by chronic caidiac distuibances are less well 
known E Chagas stated 13 that the chronic 
form of the disease reveals hypeiplasia of the 
connective tissue, with fibiosis and paienchy- 
matous degeneiation He stated that the para- 
sites tend to migrate to neighbonng legions, so 
that, adjacent to fibrotic areas acute lesions 
characterized by inflammatoiy cellulai exudate, 
degeneiative muscle fibei s and occasional para- 
sitized cells are to be found 

Arrhythmias constitute a most mipoitant 
feature of the cardiac pictuie These have been 
attributed to the localization of the parasite m 
the musculatuie of the heart which eithei intei - 
feres with the conductivity oi increases the 
excitability of the muscle 

The most intensive pathologic changes in the 
heart have been found in expenmental animals 
, to be m the caidiac muscle adjacent to the epi- 
cardium and endocai dium, paiticularly severe at 
the base of the heait and neai the auriculo- 
rentriculai junction 0 Chagas and Villela 16 
have descnbed the following cardiac arrhythmias 
sinus tachycardia and biaclycardia, piemature 
, systoles of ventncular aunculai and nodal 
origin, all stages of auriculoventncular block 
from piolonged auriculoventncular conduction 

16 Chagas, C , and Villela, E Forma cardiaca da 
Trjpanosonnase americana, Mem Inst Oswaldo Cruz 
14 5, 1922 


to complete aunculoventriculai block, auricular 
fibrillation and flutter, paroxysmal tachycardia 
and alternans of the heart Changes m rhythm 
may occur from day to day The associated 
clinical manifestations do not differ from those 
associated with other cardiopathies Low volt- 
age of the QRS complexes and flattening of the 
P and T waves have also been described With 
caidiac decompensation the symptoms and signs 
of pulmonaiy and systemic engagement occui 
The prognosis of the caidiac form of the disease 
is poor Sudden death is common, especially 
in cases of heart block and ventricular arrhyth- 
mias E Chagas 17 i eported a sudden fatal out- 
come in 27 out of 35 cases of Chagas’ disease i 

The frequency' of occui rence of chiomc myo- 
cardial disease m aieas wheie human infection 
with T cruzi is known to occur has led Yoike 
and others to believe that' South American 
tiypanosomiasis is responsible for many of these 
cases 18 Some think the chronic cardiac form 
of the disease to be a sequel of acute infection 
m childhood , others, that it is a consequence of 
lepeated infection in later life 19 

The appeal ance of cutaneous eruptions as a 
manifestation of the acute stage of the disease 
has not been generally appi eciated until recent 
years Clark first reported this as a manifesta- 
tion of the disease in 1932, lc but his observation 
appears to have gone by unappreciated until 
clinical and pathologic descriptions of cutaneous 
lesions weie called attention to by Mazza and 
his collaboialfors m 1940° Mazza has classified 
the lesions into two large groups first, “chago- 
mas” and, second, “schizotrypanomides ” The 
lattei he considers true exanthems 0 

The first is a nodular and/or ulceiative granu- 
lomatous type of lesion occurring at the primary 
site of invasion by the parasite The histo- 
pathologic descnption is similar to that of any 
gi anulomatous process with tuberculoid foima- 
tion, with giant cells similar to the Langhans 
type and with lymphocytic and mononucleai 
infiltration The one distinguishing feature is 
the demon-strati on of the leishmanial forms of 
the parasites m the large mononuclear cells 
found abundantly' m the subepidermal lay'eis and 

17 Chagas, E Estudio electro-cardiographico na 
forma cardiaca da Trypanosomiase americana, Folha 
med 2 97, 1930 

18 (a) Mazza, S , Basso, R , and Jong, M E In- 

vestigaciones sobre la enfermedad dg Chagas I Primer 
caso mortal de forma cromca cardiaca de *enfei medad 
de Chagas, comprobado en Mendoza, Publication 42, 
Umversidad de Buenos Aires, Mision de estudios de 
patologia regional argentina, Buenos Aires, Umversidad 
de Buenos Aires, 1939, p 3 ( b ) Johnson 1(1 Strong 2 

Footnote 4 b Mazza and others 9 Yorke 12 

19 Footnote 4 b Yorke 12 Mazza, Basso and Jong 18a 
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about the lymphatic spaces He descubes these 
lesions as ansing at the primary site of inocula- 
tion (“chagomas of inoculation’') and also as 
occumng during the couise of the disease at 
othei cutaneous sites (“chagomas due to hema- 
togenous spread”) In reading the clinical and 
histopathologic desciiption of the “chagomas” 
recouled by Mazza, we were particularly im- 
pressed by the similarity between these lesions 
and the ones we have observed m cases of South 
Amencan cutaneous leishmaniasis Mazza pai- 
ticulaily stiessed the great similarity between the 
“chagomas” and the granulomatous lesions of 
spoiotrichosis Johnson 20 ' 1 has also noted the 
similarity between cutaneous South Amencan 
leishmaniasis and spoiotrichosis and m 1939 made 
a brief mention of it This similarity is a point 
of some significance in differential diagnosis and 
one not widely appreciated as yet m articles oi 
textbooks dealing with these diseases 

The cutaneous lesions of the second gi oup ai e 
histologically indistinguishable from the common 
exanthems, such as roseola or rubella Mazza 0 
expiessed the opinion that much of the inflam- 
matory leaction seen m these lesions is due to 
an explosive type of local tissue alleigy, wduch 
is set off by the lodgment of a few of the paia- 
sites in a skin that foi some reason has become 
sensitized to the oigamsm It is a type of leac- 
tion much like that seen m some of the othei 
“ids ” 

The “schizotrypanomides ’ occui only aftei 
the disease has become systemic Three clinical 
types have been obseived the moibilhform the 
uiticanal and the erythematous maculopapulai 
ei options 

The morbilliform type of reaction strongly 
lesetnbles that of loseola oi rubella and appears 
on or about the fifteenth day of the illness, 
usually after Romania’s sign has become fully 
developed Urticarial lesions have also been 
obseived at about this tune The third type, 
wduch is descnbed as comprising multiple, dis- 
crete maculopapulai erythematous blanching 
eiuptions of varying size, appears between the 
fifth and twenty-fom th day of the disease, 
usually on the anterioi surface of the chest, 
uppei part of the abdomen oi extensoi surfaces 
of the aims and thighs The face, palms, soles 
and mucous membianes are not involved 

Hepatomegaly is often observed On patho- 
logic study, the oigan leveals paienchymatous 
changes with fatty degeneiation The piesence 

20 (a) Johnson, C M Peisonal communication to 
the authors (b) Clark, H C Annual Report of the 
Gorgas Memorial Laboratory, 1939, House Document 
no 543, 76th Congress, 3rd Session, Washington, D C, 
Government Punting Office, 1940, p 11 


of the paiasite m the paienchymal cells and 
Kupffei cells has been tecognized 

The spleen may be somewhat enlarged and 
appeals congested The preauriculai and cervi- 
cal lymph nodes aie often enlarged, and histo- 
logic examination reveals congestion, lymphoid 
hyperplasia, mononuclear cell production and 
phagocytosis 

Other symptoms wduch may be encountered 
fiom time to time depend on the visceral she 
of invasion by the parasite Thus, myalgic pam, 
te^ticulai pam oi swelling and adienal insuffi- 
ciency aie among those that have been repoited 

Histologic changes of the general chaiacter 
pieviously described have been observed in the 
th) i oid adrenals, ovaues and testes of patients 
who died in the acute stages of the disease 

The changes that occui in the skeletal muscles 
aie essentially sinulai to those that occui m the 
heait Between the muscle fibeis aie small foci 
of cellular infiltration, and parasites may be 
found both within the muscle fibeis and m laige 
mononuclear cells lying between them 

Often the symptoms and physical signs just 
outlined are so cleaicut and distinctive as to 
justify a clinical diagnosis of Chagas’ disease on 
these grounds alone In othei instances labo- 
tatoiy proof wall he necessaiy In all instances 
laboiatoiy confumation should be c ought 

Confiimatoi) diagnosis of the disease is 
duected towaid either actually demonstiatmg 
the parasite oi obtaining satisfactoiy evidence 
of its piesence m the host by seiologic methods 
Tn the acute stages, the simple nucioscopic 
examination of fiesh covei slip piepaiations or 
of stained thick blood films may suffice to dis- 
close the piesence of the trypanosome Thick 
drop piepaiations of blood are usually necessaiy 
because of the scaicity of parasites cuculatmg 
m the peripheial blood When the parasites 
are too scanty to be detected m this w r ay, inocu- 
lation of 5 to 10 cc of the suspected blood into 
guinea pigs or puppies and examination of the 
blood after two weeks may allow' one to demon- 
stiate the paiasite Killing the animals after 
a few r more weeks often peinuts one to demoli- 
sh ate the paiasite in the cardiac muscles oi 
other tissues on histologic examination Another 
method of demonstrating T cuizi m the penph- 
eral blood is that to wduch Biumpl 21 gave the 
name “xenodiagnosis ” It consists in allowing 
laboiatory-bied, known uninfected tnatomes to 
feed on the patient suspected of having the dis- 
ease and m ascertaining after about two weeks 

21 Brumpt, E Le xenodiagnostic Application au 
diagnostic de quelques infections parasitaries et par- 
ticular a la trypanosomose de Chages, Bufl Soc path 
exot 7 706, 1914 
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whether the intestinal tract of the insect contains 
the parasites 

A moie efficient test for the presence of 
Chagas’ disease is the complement fixation test 
of Guerreiro and Machado 22 These investi- 
gators found a glycenn and water extract of 
the heart and spleen of heavily infected puppies 
to be a highly specific antigen In 1936, Kel- 
ser 23 described a modification of this test m 
\yhich artificial cultures of T cruzi weie used 
as an antigen Romana and Dias 24 have re- 
cently reported a fuither modification of the 
test They used an alcoholic antigen of the 
cultured forms instead of the glycerin-saline 
solution antigen of Kelser 


goencephalitis, on biopsy of infected muscle and 
m cutaneous lesions Other nonspecific labora- 
tory observations which have been stiessed by 
Mazza D ai e the pronounced degree of lympho- 
cytosis which persists throughout the acute stage 
of the disease and the increase of eosinophils 
toward the lattei pait of the acute illness 

A progressive hypochromic anemia has been 
noted in some instances, paiticularly among 
children 

REPORT OF _ CASES 

Case 1 — A white American soldier, aged 29, was 
admitted to an army station hospital m Panama on 
Dec IS, 1942, for observation for possible intracranial 
injury after a fight with another soldier Except for 



Fig 2 (case 1) — Photomicrograph of T cruzi as identified in thin blood smear Note the charactei istic 
C-s haped form in which tne parasite appears The nucleus is in the central poitiofi The large oval hmetoplast 
is situated posteriorly At this magnification the kinetoplast is seen to consist of two bodies The larger, more 
proximally placed, body is the parabasal body The smaller bod}’-, situated m the posterior end of the parasite, 
from which the flagellum arises is the blepharoplast These are the distinguishing identifying features of T cruzi 
m its trypanosomal form, as found in the circulating blood 


T cruzi has m some instances been demon- 
strated m the spinal fluid of patients with menin- 

22 Guerreiro, C, and Machado, A Da leaccao de 
Bordet e Gengou no molestia de Carlos Chagas como 
elemento diagnostic, Brasil-med 27 225, 1913 

23 Kelser, R A A Complement-Fixation Test for 
Chagas Disease Emplo>ing an Artificial Culture Antigen, 
Am J Trop Med 16 405, 1936 

24 Romana, C , and Dias, E Recao de fixacao do 
complemento na Doenca de Chages, com antigeno al- 
cooheo de cultura do “Schizotrypanum cruzi,” Mem Inst 
Oswaldo Cruz 37 1 , 19 42 


a mild headache, he was symptom free at the time of 
admission He had been stationed at various posts 
on both the Atlantic and Pacific sides of the Isthmus m 
the preceding two months and had been assigned to a 
recently cleared jungle position for a week prior to 
his admission to the hospital He gave no history of 
any recent insect bites Except for an attack of malaria 
m May 1942 and acute gonorrhea in September 1942, his 
general health had been excellent His past history 
was otherwise not contributory 

Examination on his entry revealed a well developed 
and well nourished man who did not appear acutely ill 
The temperature was 99 5 F and the pulse rate 100 
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per minute. A mild seborrhea of' the scalp and face, 
several superficial abrasions about the face and some 
mildly contused areas on the trunk were noted The 
eyes, ears, nose and throat weie essentially normal 
The thyroid gland was not palpably enlarged at the 
time of the initial or subsequent examinations The 
lungs were found to be clear on percussion and ausculta- 
tion The heart was not enlarged, and the rhythm was 
regular A soft systolic murmur was heard over the 
apex The blood pressure was 100 mm of mercury 
systolic and 70 mm diastolic On abdominal examina- 
tion, the tip of the spleen could be felt below the left 
costal margin It was firm and nontender 
Course m Hospital — On the fifth day in the hospital, 
the patient had a chill, with a subsequent rise of tem- 
perature to 104 5 F Physical examination at that time 
revealed nothing abnormal except the previously men- 
tioned palpable spleen A blood smear was positive for 
Plasmodium vivax on this day, and quinine therapy was 
started The therapeutic response was prompt Two 
days later, he began lo complain of generalized muscular 
aching and severe pain in the knee joints and in the 
fingers of both hands There was no clinical evidence 


that the leishmanial form of the parasite is the one that 
produces the damage, it was felt that an antimony 
preparation should, at least theoretically, prove of some 
benefit On Jan 10, 1943, his twenty-seventh day m 
the hospital, administration of an antimony preparation 
was started, 3 cc of fuadin was given intramuscularly 
As to whether the drug was of any specific benefit to 
the patient or not is speculative, but improvement was 
promptly noted, and his fever began to subside He 
received 13 cc of fuadin intramuscularly during the 
next ten days, and, m all, 33 cc was given over a period 
of forty-seven days All of his symptoms disappeared 
during this period, and he made an uneventful recovery 
He at no time showed evidence of cardiac damage and 
was discharged to full duty status on his ninety-fourth 
day in the hospital 

Clinical laboratory studies showed the patient to have 
a moderate anemia of a hypochromic type, which re- 
sponded satisfactorily to iron and dietary measures He 
was also observed to have a lymphocytosis and an ele- 
vated sedimentation rate The significant hematologic 
findings we have summarized in table 1 The re- 
action to a complement fixation test (Johnson and 


Table 1 — Results oj Hematologic Examinations (Case 1) 
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and the 

total serum protein was not increased 


of an inflammatory reaction in any of the joints at this 
time In spite of adequate doses of quinine sulfate 
and qumacime hydrochloride, the patient continued to 
have a daily remittent fever Several cultures. of the 
blood showed no growth, and repeated malaria smears 
were now negative for causative organisms 

On the twelfth day m the hospital an area of redness 
was noted about the nose and malar eminences The 
next day, the light malar eminence appeared swollen 
This area was not tender and did not pit on pressure 
It gave a sensation to the palpating finger of firm indu- 
ction of the subcutaneous tissues The posterior cervical 
lymph nodes were moderately enlarged bilaterally The, 
mflammatoiy hvperemia subsided with the local use of 
hot compresses and the oral administration of sulfathi- 
zole, but the fever and swelling persisted This indu- 
ration gradually subsided during the next three weeks 
On the eighteenth hospital day, three days after admini- 
stration of sulfatlnozole had been discontinued, the proxi- 
mal interphalangeal joint of the left middle finger 
became red, hot, swollen and tender At this time, 
Capt James R Schmidt, the hospital pathologist, 
reported the presence of T cruzi in one of the blood 
films (fig 2) 

In view of the lack of any recognized specific therapy 
or this disease and because of the pathologic evidence 


Kelser modifications of the Guerriro and Machado 
test), performed for us by Dr Tohnson, of the Gorgas 
Memorial Laboratory, was reported as negative 

Roentgenograms revealed clear pulmonaiy fields and 
a normal cardiac silhouette 

An electrocardiogram taken January 11 revealed a 
sinus mechanism with a late of 93 per minute and a 
conduction time of 016 second The QRS complexes 
measured 0 08 second The T waves were upright and 
noi mal in all the leads A second electrocardiogram 
taken on March 2 was hkevuse normal 

Case 2 — A white Amercan soldier, aged 27, was ad- 
mitted to an army station hospital in Panama on Oct 18, 
1943, with the chief complaint of a swollen right eye of 
seven da} s’ duration ITe had been on duty in Panama 
for the past twent}-four months, and his only previous 
illness had been an attack of malarial fever in May 
1942 He dated the onset of his present illness to one 
week prior to his admission to the hospital, when he 
began to notice progressive painless swelling of the right 
eye Fort\ -eight hours before his admission, he experi- 
enced mild generalized malaise and fever but no chills, 
sweats or headache The eye, though extremely swollen 
at that time, was not painful, nor was there an excessive 
secretion of tears or any discharge There were no 
symptoms referable to the cardiac, respiratory, gastro- 


! 
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intestinal or genitourinary systems Local medication 
applied at his battalion aid station produced no beneficial 
effects on the ocular edema, and with the development 
of fever and malaise he was sent to the hospital On 
further subsequent questioning, the additional historj 
was elicited from the patient that in the vicinity of the 
hutment in which he nad been quartered there were 
many “cone-noSed bugs ” He had observed these in- 
sects on manv occasions attempting to gain entrance into 
the screened enclosure at night, and on several occasions 
he had crushed these insects when they were clinging 
to his clothing and had noticed that they gave evidence 
of previous blood meals He also lemembered that 
between two and three weeks previously he and several 
of his companions had captured a sloth on which ‘cone- 
nosed” insects were feeding He had no recollection of 
any insect bites 

Examination shortly after his admission to the hos- 
pital revealed an alert, cooperative, well developed and 
well nourished man who did not appear acutelj ill 
The temperature was 101 F and the pulse rate 100 
per minute The right eye was almost completely closed 



Fig 3 (case 2) — Romana’s sign This photograph 
was taken during the fourth week of the illness, and 
much of the palpebral edema had subsided bv this time 
Enough edema remains, however, to illustrate the type 
of swelling and its distribution 

by edema of both the upper and the lower lids (fig 3) 
The edema extended outward to involve the soft tissues 
i of the right malar eminence The overlying skm re- 
| vealed a pinkish discoloration The area was not painful 
and did not pit On pressure Though firm m consistency, 
i the tissues w r ere elastic and without evidence of subcuta- 
neous infiltration The conjunctival surfaces were hyper- 
1 emic, with scanty secretion The right preauricular lymph 
i node was enlarged, firm and slightly tender Scattered 
i over the anterior thoracic wall, shoulders, upper arms, 
1 lorearms, abdomen and back were discrete, circumscribed 
< macular blanching erythematous plaques, varying in size 
i roughly from that of a 25 cent coin to that of a silver 
| dollar Some of the lesions did not blanch completelv 
on pressure and felt infiltrated but were not elevated 
A few showed confluence, but the majority were distinct 
i anc * se Parate These lesions were asymptomatic, and 
\ ^ ie PS-trent had not noticed them At no time were they 
i pam ^ or pruritic The thyroid gland was not found 


to be enlarged on initial or subsequent examinations 
The lungs were observed to be clear on percussion and 
auscultation Percussion revealed no cardiac enlarge- 
ment, and no murmurs or arrhythmias were noted The 
blood pressure was 130 mm of mercury systolic and 
68 mm diastolic The remainder of the physical exami- 
nation revealed nothing abnormal 

Coutse in Hospital — On the basis of the history and 
physical observations, a clinical diagnosis of Chagas' 
disease was made It was not until the twenty-sixth 
day of his illness, however, that the clinical diagnosis 
was confirmed by laboratory evidence On that dav 
his complement fixation reaction was found to be strongly 
positive One tested previously during the first week 
of his illness had been reported as negative On the 
thirty-first day of his illness additional laboratory proof 
was evidenced when T cruzi was demonstrated m the 
blood and tissues of 1 of the guinea pigs that had been 
inoculated with the patient’s blood during the first week 
of Ins illness Repeated attempts during this time to 
demonstrate the parasite m thick and thm blood films 
were unsuccessful 

During the first two weeks of his illness the patient 
had a daily temperature varying between 99 and 103 F 
and showed signs of increasing debility Because of the 
apparently beneficial results from antimony observed m 
case 1, treatment with fuadm was started on the eleventh 
dav of his illness, it being decided that his clinical 
course was such that a further wait for laboratory con- 
firmation would not be justified He received the diug 
by intramuscular injection at spaced intervals during 
the next eight weeks, a total of 83 cc of the drug 
was administered in two courses, with a two week in- 
terval during which none was administered There 
was a gradual fall in temperature during the first two 
weeks of drug therapj, when the temperature varied be- 
tween 99 and 101 5 F Thereafter he had a slight daily ele- 
vation of temperature until December 18 During 
this period, the cutaneous rash faded and had completely 
disappeared by the seventeenth day m the hospital No 
desquamation, scarring or recurrence of the rash was 
observed The edema of the eye gradual! j subsided 
during the first seven weeks, although a residual dis- 
coloration of the lids persisted for several weeks after- 
ward The enlarged preauricular lymph node decreased 
in size from the thirty-second to the sixtieth day, when 
it could no longer be palpated In addition to the pre- 
viously described enlargement of a lymph node, during 
the second week of his illness a shotty lymphadenopathy 
of the posterior chain of cervical lymph nodes developed 
These persisted until the fortieth day of his illness 
Testicular pain was complained of during the third and 
fourth week of his illness No swelling of either testis 
or epididjmis was observed 

Early in the course of his illness, despite various 
apparent impiovements, including the lowering of his 
temperature, decrease in the ocular edema and clearing 
of his cutaneous eruption, it became apparent that the 
patient was suffering cardiac damage During the third 
week of his illness the slightest exertion resulted in 
prolonged tachycardia, and during the fourth week of 
his illness tachycardia at absolute rest became apparent 
A soft apical systolic murmur became manifest at this 
time, along with frequent runs of ventricular extrasys- 
toles and a diastolic gallop rhythm The last was 
associated with electrocardiographic evidence of a pro- 
longed PR interval The rhythm changed frequently, 
and dropped beats were evident The heart sounds ivere 
of poor tonal quality, suggesting a flabby myocardium 
By percussion the left cardiac border was interpreted as 
being increased, as compared with the size determined 
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on his admission to the hospital Confirmatory r oentgeno- 
graphic evidence of left ventricular enlargement was 
also obtained at this time Additional evidence of 
myocardial damage was found in the changes observed 
m the serial electrocardiograms that were taken During 
the early stage of the disease these revealed pronounced 
inversion of the T w'aves consistent with serious myo- 
cardial damage 

Although pericardial effusion has been reported in 
cases of Chagas’ disease, 25 it is not common, and it is 
our opinion that the electrocardiographic and roentgeno- 
graphic findings represented changes due to diffuse 
myocardial damage with cardiac dilatation rather than 
incident to an undetected pericardial effusion With 
return of the cardiac silhouette to normal, the T waves 
became upright, but the electrocardiographic tracings 
continued to show evidence of a severe conduction dis- 
turbance between the auricle and ventricles Thus it 
is evident that, in addition to diffuse myocarditis, focal 
lesions in the conducting system also occurred 

From the fourth to the eighteenth week of the patient’s 
illness it was daily noted that his pulse and cardiac rate 
and rhythm were subject to wide and frequent varia- 
tions An explanation for this changing rate and rhythm 


illness The pathologic changes which occuried in the 
aunculoventncular conducting pathway are apparently 
of a permanent nature, since little or no improve- 
ment of the heart block was noted during the period of 
over five months that he was under observation 

Laboiatoiy Studies — Repeated blood counts revealed 
essentially normal values for hemoglobin and red blood 
cells On November 5, the white blood cell count rose 
to 13,300, with a definite increase in the lymphocytes 
(table 2) For several days prior to this, during 
examinations of blood films for tr> panosomes, atypical 
Umphocytes of the type seen in infectious mononucleosis 
W'ere observed The heterophile antibody reaction was 
positive at this time Later, this reaction became nega- 
tive A significant degree of lymphocytosis urns present 
throughout most of the patient’s stay in the hospital, a 
period of over five months 

These hematologic observations are presented m 
tabular form (table 2) and show a similarity to those 
recorded in the first case 

Repeated studies of thick blood smears for trypano- 
somes and malarial parasites revealed no parasites On 
October 23 and again on October 24, 5 cc of whole 
blood was inoculated into the peritoneal cavity of each 


Table 2 — Results of Hematologic Examinations (Case 2) 
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66 
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48 
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37 

57 
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90 
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46 

52 

2 


14 

January 20 

4,700,00 0 

95 

7,950 

40 

52 

7 

1 

13 
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7,000 

41 

53 

5 

1 

4 

March 1 

5,050,000 

95 

7,500 

69 

40 

1 
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W'as found in the electrocardiographic studies These 
showed that the irregularities of rate and rhythm were 
•chiefly due to ventricular extrasystoles and second degree 
aunculoventncular block Occasional beats showed de- 
layed intraventricular conduction 

Rapid changes in the degree of block w'ere noted from 
■day to day and on several occasions from hour to hour 
No reasonable explanation for these could be deter- 
mined, and they did not seem to represent or coincide 
with any other physical findings or to evidence any 
tendency toward regression or progression of the disease 

During this period, when it was apparent that pro- 
gressive and severe cardiac damage was occurring, no 
subjective symptoms except palpitation were ever ex- 
perienced by the patient At no time were there any 
signs or symptoms of circulatory or cardiac failure 
Tiie blood pressure remained in the vicinity of the 
original determination throughout his entire stay m the 
hospital 

The myocardial damage, though se\ere, was not en- 
tirely irreversible, bower er, as was shown by improve- 
ment in his electrocardiographic tracings during the 
seventh week of his illness and by a return of the size 
of his heart to normal during the ninth week of his 

25 Lundeberg, K R A Fatal Case of Chagas Dis- 
ease Occurring in a Man 77 Years of Age, Am. J Trop 
Med 18:183, 1938 


of 2 guinea pigs One of the animals died on November 
16, and autopsy revealed groups of multiplying leish- 
manial forms of T cruzi in the tissue and trypanosomal 
forms in the blood The complement fixation reaction 
(Johnson and Kelser modifications of the Guerreiro- 
Machado test) was negative on October 23, strongly 
positive on November 12 and 23, positive but with fall- 
ing titer on December 18 and 29 and January 9, 1944 
and negative on January 19, February 4 and February 
29 (These tests were performed for us at the Gorgas 
Memorial Laboratory by Dr Johnson ) 

The Kahn reaction of the blood serum was negative on 
two occasions 

The total serum protein was 6 9 and 7 5 Gm per 
hundred cubic centimeters, with an albumin-globulin 
ratio of 1 3 

Repeated cultures of the blood showed no growth 
The heterophile antibody reaction occurred in a titer 
of 1 896 on November 25 and m a titer of 1 448 on 
December 1 It was negative on December 14 
Repeated examinations showed the urine to be normal 
Repeated roentgenogi aphic examination of the chest 
revealed no consolidation, infiltration or pleural effusion 
The cardiac measurements are shown in table 3 
Serial electrocardiograms were taken during the course 
of the patient’s illness Some of these were selected for 
mention in order to demonstrate the more important 
changes 
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The first tracing,, taken on October 24, revealed a 
sinus mechanism, a rate of 89 per minute and an auriculo- 
ventricular conduction time of 0 16 second The T waves 
were upright in leads I and II and diphasic in lead III 
The precordial lead was normal The next electro- 
cardiogram, taken on November 4, revealed a rate of 
80 per minute, flattened P and T waves and a significant 
decrease in the amplitude of the QRS complexes in all 
leads Thereafter, serial electrocardiograms, taken on 
November 7, 9, 10 and 19, revealed progressive inversion 
of the T waves in the standard and precordial leads 
without any deviation of the ST segments On November 


Table 3 — Cciidiac Measurements (Case 2) 



Transverse 

Transverse 


Cardiac Diameter, 

Tboracic Diameter, 

Date 

Cm 

Cm 

October 19 

12 3 

312 

November 12 

14 5 

31 1 

November 19 

14 2 

30 6 

December 18 

12 7 

312 

December 30 

12 9 

31 2 


19, (the rate was 83 per minute and the aunculoven- 
tricular conduction time 0 17 second, and the T waves 
were more deeply inverted and coronary in appearance 
The second beat in lead I of this record revealed a 
transient intraventricular block of the peculiar form in 
which the prolongation of the QRS complex is asso- 
ciated with a reduction of the PR interval In this 
beat, the PR interval was reduced from 0 17 to 0 10 
second and the QRS complex prolonged from 0 06 to 
0 12 second In the electrocardiogram taken November 
22, the PR interval was recorded as being prolonged 
to 0 20 second, in contrast to the previous 0 17 second 
This record also repealed frequent ventricular premature 
systoles The tracing on November 26 revealed a 
normal auriculoventricular conduction time of 0 17 sec- 
ond, upward bowing of the ST segments and further 
inversion of the T waves On December 4, the rate 
was 93 per minute, the PR interval 0 18 second and 
the T waves less deeply inverted On December 7, the 
tracing revealed a prolonged auriculoventricular con- 
duction time of 0 22 second This had receded to 0 IS 
second on December 10 On December 14, the rate 
was 107 per minute and the PR interval 0 28 second 
From December 4 to January 1, the T waves became 
less deeply inverted m spite of the evidence of persistent 
auriculoventricular heart block The tracing on Jan 1, 
1944 revealed a first degree auriculoventricular block, 
with a PR interval of 0 28 second and upright T waves 
in leads I, II and IV On January 23, second degree 
auriculoventricular block with Wenckebach’s period was 
present From then to the end of our period of observa- 
tion, the rhythm varied between first and second degree 
auriculoventricular block, with transient intraventricular 
conduction defect 

COMMENT 

Certain featuies of the disease m these 2 cases 
should be emphasized, since they differ m some 
ways from those of previously reported cases 

In spite of the repeated previous observations 
m this area by Clark, Johnson and De Rivas 
on the benign character of the disease, particu- 
larly among adults, South American tiypano- 
somiasis m Panama can constitute a senous 
illness for adults To our knowledge, these are 
the first and only 2 instances m which this dis- 


ease has been contracted by other than native- 
born persons m this area Perhaps this fact 
explains why the disease took a moie severe 
form in these 2 men than had been previously 
observed in adults 

The degree of symptomatic illness apparently 
has little prognostic value The first patient 
appeared as severely ill as the second but com- 
pletely recovered, while m the second severe 
cardiac damage developed There was nothing 
m the past histones, the physical fitness of the 
2 soldiers oi in the degree of paiasitemia ex- 
hibited which can explain this difference in the 
clinical courses observed As m other disease 
agents, pathogenicity undoubtedly varies with 
different strains 

Articulai symptoms and signs have not to oui 
knowledge been previously described as a pait 
of the clinical picture of Chagas’ disease, but, 
as observed in case I, these can be piomment 
manifestations of the illness 

Mazza previously emphasized 9 that the find- 
ing of a sustained increase m the lymphocyte 
count during the latter part of the acute stage of 
Chagas disease appears to be of some diagnostic 
value In both of our patients lymphocytosis 
occurred during the fourth and fifth week of the 
illness and continued during the next two months 
In the second patient this response was moie 
pronounced than m the first, and examination of 
his blood film revealed many young and abnormal 
lymphocytes These, combined with the finding 
of a stiongly positive heterophile antibody le- 
action of the serum, raised the question as to 
whether the second patient might not have also 
had infectious mononucleosis There were, how- 
ever, no other symptoms of this disease piesent 

Only repeated obseivations on othei patients 
with Chagas’ disease can provide an acceptable 
answei to the question 

It is interesting to note also that it was duung 
the time that the complement fixation leaction 
began to fall m titer that the heteioplnle anti- 
body reaction became negative 

An unusual degice of eosmophiha was not 
observed in eithei patient 

Although most of the published clinical repoi ts 
of the cardiac damage observed in Chagas’ dis- 
ease m adults deal with the so-called chronic 
cases, it is evident from the observations made 
m case 2 that such damage may also occur duung 
the acute stage of the disease m adults Severe 
myocarditis during the acute stage is not neces- 
sarily limited to children, as some investigators 
have thought Cardiac damage, though it may 
be seveie, does not necessarily always produce a 
sudden or immediate death Some degree of 
healing can occui After five months of obser- 
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vation, we are led to believe that the cardiac 
lesions of the patient m case 2 have healed con- 
siderably and to deduce further from all clinical 
signs and symptoms and from the results of oui 
laboiatoiy studies that furthei progress of the 
disease seems unlikely The damage incurred by 
the conducting pathways is apparently perma- 
nent, however, and that some degree of pei- 
manent cardiac incapacity will lesult is the most 
probable prognosis at this time 

In many lespects the disease resembles acute 
lheumatic fevei, from which it must be differ- 
entiated Recent 1 eports and our own experience 
m the past two yeais indicate that acute rheu- 
matic fevei is not an infrequent disease among 
soldiers m the tropics The high fever, articulai 
pains, eiythematous and urticarial cutaneous 
lesions,' tachycardia, electi ocardiograpluc evi- 
dence of disturbance m conduction between the 
auncles and ventricles, abnonnal T waves and 
1 oentgenologic evidence of caidiac enlargement 
ai e common to both diseases 

Oui experience with fuadm in the treatment of 
this disease has been limited to these 2 instances 
At the present time, there is no specific treatment 
for Chagas’ disease Since the antimony com- 
pounds are of definite lvalue m the treatment of 
leishmanial forms of similar parasites and since 
this is the form of the tiypanosome which actually 
causes the cellular and tissue damage, we felt 
justified in using this foim of antimony in the 
tieatment of our 2 patients From the available 
repoits, Bayer 7602 (Ac ) 20 does not appear to 
offer much more in the way of therapeutic suc- 
cess and is apparently more toxic than fuadm 

We do not claim any remarkable therapeutic 
results m our 2 cases, and investigators with 
moie experience do not think antimony prepara- 
tions of much value Clinically, its administration 
appeared to coincide with or cause the tempera- 
ture to subside, to alleviate the articular symp- 
toms in our fiist case and to bung about 
subjective improvement in both Another obser- 

26 Bayer 7602 (Ac) is a substance which consists 
of two 2-methyl-4-ammoquinoline groups joined by a 
diallyl malonyl group m position 6 


vation suggesting antimony to have some merit 
is that the complement fixation reaction became 
negative in the second patient after its adminis- 
tration If this test is at all analogous to other 
complement fixation tests as an indication of 
the pi ogress and piognosis of a disease, this 
change is indicative that the infection has been 
eradicated although its scars are still present 
Johnson’s experience with this complement fix- 
ation test m Panama has been that the leaction 
remains positive m unti eated patients foi several 
years after the initial discovery of the parasites 
in the blood stream though no clinical evidence 
of the disease exists, thus suggesting that the 
infection remains present though in a latent 
stage la 

SUMMARY AND CONCLUSIONS 

The diagnosis of acute South American tryp- 
anosomiasis lias been made in 2 additional cases 
in Panama, thus making a total of 21 cases of 
this disease which have been clinically studied in 
this area since 1931 and a grand total of 58 
cases m which the diagnosis has been made The 
disease occurred in young adult white soldiers 
stationed in this ai ea In contradistinction to the 
cases previously reported fiom this country ob- 
served in adults, the infection gave rise to a 
senous illness m both these soldiers and was 
moie akm to the acute clinical picture as it has 
been described in othei areas These aie the first 
2 instances m which the infection has been diag- 
nosed m other than native-born inhabitants m 
this country 

Serial electi ocardiograms weie made, and the 
cardiac manifestations of the disease were studied 
in 1 patient with acute Chagas’ disease 

It is emphasized that articulai symptoms and 
signs may occur as a manifestation of this disease 
and that these and many of the othei features of 
acute Chagas’ disease may closely simulate the 
disease pattern of rheumatic fever 

Lymphocytosis, as Mazza has previously 
pointed out, appears to be a laboratoiy finding 
of clinical significance in Chagas’ disease 

In treatment of these 2 patients, antimony 
appears to have been of therapeutic value 
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Sickle cell anemia, since it was descubed by 
Herrick in 1910, 1 has been known almost exclu- 
sively as a disease of the Negro race However, 
after the repoit of Cooley and Lee in 1929, 
numerous instances of the disease have been 
reported m patients mostly of Greek, Sicilian 
and Italian extraction, thought to be without 
Negro ancestors 2 The white patients mentioned 
m these reported cases have presented evidence 
of sickle cell anemia, including sickling, greenish 
yellow scleras, hepatomegaly , splenomegaly, 
pains m the joints arms or legs and occasionally 
abdominal crises All available case histories of 
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the disease m the white race have failed to men- 
tion or have noted the absence of ulcerations or 
scais of the ankles or legs It is oui purpose to 
leport on 2 patients fiom one family, 1 male and 
1 female, with ulceis of the ankles and limitation 
of motion about the ankle joints 

The family histoiy revealed that the giand- 
mothei on the paternal side was the first l Na- 
tive to have pallor and ulcers of the ankles The 
parents of this ancestor weie known to be of 
the white lace, without negroid featuies, and 
died at the age of 84 and 86 The father, aged 
47, and the uncle, aged 45, were pale and had 
had recuri ent ulceiations of the ankles since child- 
hood The 2 patients presented evidence of 
sickle cell anemia, another brother had delayed 
sickling and a thud biothei was normal (fig 1) 



Male ■ 
Female® 


Fig 1 — Family tree Shading indicates members 
with ulcers of the ankles and pallor , slanting lines indi- 
cate member with sickling trait only, and white space 
indicates normal member 


COMMENT 

Sicklemia, a latent form of sickle cell anemia, 
is inherited as a mendehan dominant character- 
istic 3 The hemoglobin content and erythro- 
cyte counts are normal or nearly normal Exam- 
ination of a piepaiation of fresh blood from 
patients with sicklemia sealed from three to 
twenty-foui hours reveals the presence of sickle 
cells Bauer and Fisher 4 stated that the usual 

3 Steinberg, B Sickle Cell Anemia, Arch Path 
9 876-897 (April) 1930 Sydenstricker, V P Sickle 
Cell Anemia, M Clin North America 12 1451-1457 
(March) 1929 Dreyfoos, M Sickle Cell Anemia, 
Arch Pediat 43 436-447 (July) 1926 

4 Bauer, J , and Fisher, L J Sickle Cell Disease, 
Arch Surg 47 553-563 (.Dec ) 1943 
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hazards of sickle cell anemia may never appear 
m such patients during an otherwise normal 

lifetime 

However, patients u ith ti tie sickle cell anemia, 
children and adults, exhibit signs, symptoms 
and laboratory evidences of mild to profound 
anemia Exacerbations and remissions occur 
at irregular intervals Pallor, dyspnea, fatigue 
and palpitation frequently exist over a long 
period A greenish yellow coloi of the scleras 
has been noted and occasionally icterus Pams 
m the arms and legs ma} simulate those of 
rheumatic fever Physical examination reveals 
pallor, malnutrition, evidences of hemolysis, with 
yellow scleras and at times enlargement of the 
liver and spleen, lymphadenopathy and an apical 
systolic murmur Ulcers on the legs or ankles, 
unilateral or bilateral, have appeared in Negro 
patients spontaneously 01 after mild traumas 
Healing is prolonged and followed by scarring 



Fig 2 (case 1) — Chronic ulcers of both ankles 


Roentgenogiams, accoidmg to Diggs, Pulliam 
and King 5 * have m most cases been normal 
However, they and others have described 
changes m the thickness of the skull, changes 
in the o uter and inner tables and “hair on end” 

5 Jbggs, L W , Pulliam H N , and King, J C 

The Bone Changes in Sickle Cell Anemia, South M J 

30 249-259 (March) 1937 


phenomena Osteopoiosis and osteosclerosis m 
bones other than those of the skull are less 
evident 

Bauer and Fisher 4 and Canby, Carpentei and 
Ellmore 0 called attention to the importance to 
the surgeon of making a diagnosis m the absence 
of sickle cells m the stained blood film, since 
the usk to the surgical patient is increased by 



Fig 3 (case 1) — Closeup of chronic ulcer of the 
ankle showing pigmentation and cicatrization 


sickle cell anemia Tests for delayed sickling 
reactions should be done in the presence of 
atypical medical and surgical conditions The 
disease has been noted as a cause of cor pul- 
monale , 7 and occasionally m association with 
cholecystitis 8 It has been mistaken for rheu- 
matic fever, microcytic anemia, pernicious 
anemia, acute appendicitis and cholecystitis 
Infectious mononucleosis has been reported in 
1 patient 9 

The blood picture vanes from a normal oi 
nearly normal hemoglobin content and erythro- 
cyte count m latent sickling to a profound anemia 
during relapse Sickle cells aie often not found 
m the former stage until a wet preparation is 

6 Canby, C B , Carpenter, G , and Ellmore, L F 
Drepanocytosis (Sicklemia) and an Apparently Acute 
Surgical Condition of the Abdomen, Arch Surg 48 
123-125 (Feb) 1944 

7 Yater, W M , and Hansmann, G H Sickle Cell 
Anemia A New Cause of Cor Pulmonale, Am J 
M Sc 191.474-484 (April) 1936 

8 Schaefer, B F Sickle Cell Anemia and Choleli- 
thiasis, M Ann District of Columbia 11 392-396 (Oct ) 
1942 Weens, H S Cholelithiasis m Sickle Cell 
Anemia, Ann Int Med 22 182-191 (Feb) 1945 

9 Ray> E, S , and Cecil, R C Infectious Mononu- 
cleosis m the Negro Report of Three Cases with One 
Complicated by Sickle Cell Anemia, South M J 37 
543-545 (Oct) 1944 
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sealed and left for as long as twenty -four horns, 
when more than 40 pei cent are frequently 
found 

Polychiomatophils, erythroblasts, nuciocytes, 
macrocytes, reticulocytes and sickling of more 
than 4 per cent of the erythrocytes, with even 
more affected by a delayed sickling leaction, 
characterize the severe type of anemia Target 
cells, erythiocytes lesemblmg a target or bull’s 
eye, have been described in sickle cell and other 
anemias 10 The mean corpuscular volume may 
be that characteristic of either a microcytic or 
a macroscopic anemia Leukocyte counts are 


and palpitation on exertion, as well as pallor, fatigue 
and malnutrition, were known to have been present for 
seven years Discoloration of the scleras had been noted, 
but for an unknown length of time Moderately severe 
muscular pains m the arms and legs were aggravated 
by fatigue There had been no abdominal crises and no 
known febrile attacks 

The family histon revealed that the paternal grand- 
mother, who first had ulcers of the ankles and pallor, 
died at 58 years of age The father, aged 47, and the 
uncle, aged 45, had pallor and scarring and fixation of 
both ankle joints One sister, aged 14, was extremely 
pale and had a small ulcer on the inner aspect of the 
right ankle Two brothers had neither pallor nor ulcers 
(one had delaved sickling) The mother was normal 
The parents of the grandmother, the first member of the 



usually elevated, with an increase m the lympho- 
cytes and the occasional presence of 1 to 3 per 
cent eosinophils 

Treatment is known to have little influence on 
the sickling trait or the anemia Blood trans- 
fusions may be necessary during a relapse Rest 
is indicated for patients with ulcers of the ankles 

REPORT OF CASES 

Case 1 — A 20 year old white youth was admitted to 
the hospital in August 1940, complaining of ulcers on 
both ankles When he was 13, after an attack of der- 
matitis venenata (ivy poisoning), ulcers appeared on 
both ankles and have persisted until his admission 
These were painful only on walking, but he had been 
unable to w ork or attend school for five years Dyspnea 

10 Dameshek, W Familial Mediterranean Target- 
Oval Cell Svndromes, Am J M Sc 205 643-660 
(Mav) 1943 


family with the disease, were known by a local historian 
to have been normal and of the white race 
Physical examination revealed a pallor of the lips and 
conjunctivas in a malnourished white youth, who seemed 
younger than his stated age The skin was discolored 
by a pale yellow tint, and the scleras were greenish 
yellow The tongue was smooth and red laterally Both 
tonsils were enlarged, and there was a moderate cervical 
lymphadenopathy The pulmonary fields were normal 
to inspection, palpation, percussion and auscultation A 
systolic murmur was heard at the apex and was trans- 
mitted over the entire precordium There was a moder- 
ate widening of the left border of cardiac dulness The 
cardiohepatic angle was normal to percussion The 
heart rate and rhythm were normal A mass with a 
palpable notch was felt in the left upper quadrant of the 
abdomen 3 fingerbreadths below the costal margin The 
liver was palpated 3 fingerbreadths below the right 
costal margin There was no spasticity' of the abdominal 
muscles or tenderness over any point The knee jerks 
were equal on the two sides and were slightly' dimin- 
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ished Sensations of heat, cold, vibration and deep ten- 
don pain were retained The Babinski reflex was elicited 
Two large ulcers were present on the inner aspects of 
both ankles (figs 2 and 3) 

Laboratory observations revealed hemoglobin con- 
tent, 55 per cent (Sahli) , red blood cells, 3 67 , color 
index, 0 67 , mean corpuscular volume, 58 , platelet count, 
225,040, and white blood cells, 17,850, with band forms 
38 per cent, segmented forms 52 per cent and lympho- 
cytes 10 per cent One per cent of erythrocytes showed 
basophilic stippling, and 15 per cent showed sickling, 
increasing to 40 per cent with delayed sickling The 
erythrocytes varied greatly m size and shape, including 
macrocytes, microcytes and many polychromatophilic cells 
Most erythrocytes were pale A few nucleated red cells 
were present The corrected sedimentation rate was S' mm 
in one hour , the bleeding time was three minutes The 
Wassermann and Kahn reactions were negative The 
urinalysis was normal, except for giving a strongly 
positive reaction for urobilin Roentgenograms showed 
that there was no “hair on end” phenomena in the skull 
and that both ankle joints were normal 

Case 2 — The 14 year old sister of the first patient 
was seen as an outpatient with a small ulcer on the right 


ankle, which had existed for approximately three weeks 
Dyspnea on exertion, fatigue, pallor and malnutrition 
had been present since early childhood There had been 
no abdominal pain or febrile attacks 
Physical examination revealed a slender, pale young 
white girl Several small cervical lymph nodes were 
palpable Examination showed the chest to be normal 
A soft systolic murmur was heard at the apex and was 
transmitted over the precordium The abdomen was 
normal A small ulcer, less than 1 inch (2 5 cm ) in 
diameter, was present on the right ankle 
Laboratory data were as follows hemoglobin content, 
60 per cent ( Sahli) , red blood cells, 3 77 , color index, 
0 75, and white blood cells, 7 4, with band forms, 16 per 
cent, segmented forms, 62 per cent, lymphocytes, 20 
per cent and monocytes, 2 per cent Erythrocytes varied 
in size and shape, including macrocytes and microcytes, 
and 18 per cent showed sickling Delayed sickling in- 
creased the sickle cells to 30 per cent The mean 
corpuscular volume was 75 cubic microns, the platelet 
count was 266,760 Hemolysis of erythrocytes began 
at 0 37 per cent and was complete at 0 24 per cent The 
Wassermann and Kahn reactions were negative The 
urine was normal (The test for urobilin was not done ) 
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It has been known for some time, but not 
generally appreciated, that pulmonaiy embolism 
may simulate many other conditions Over 
thirty years ago attention was called to the fact 
that pulmonary embolism might be confused 
with pleurisy, 1 angma pectoris 2 and lobar pneu- 
monia 3 Since then the similarity between pul- 
monary embolism and other commonly accepted 
syndromes has been casually referred to in sta- 
tistical studies or m individual case 1 eports 4 
White 5 has pointed out that unexplained faint- 
ing, prostration, dyspnea, tachycardia, fevei oi 
jaundice should suggest the diagnosis of pul- 
monary embolism 

/ 

1 Miller, G B The Significance of Postoperative 
Pleurisy Its Relation to Pulmonary Embolism, Am 
Med 4-173, 1902 

2 Yon Neusser, E Angma Pectoris, New York, 
E B Treat & Company, 1909 

3 Conner, LA A Pulmonary Attack Simulating 
Primary Lobar Pneumonia, Caused by Pulmonary Em- 
bolism and Infarction from a Latent Venous Thrombosis, 
Arch Int Med 13 349 (March) 1914 

4 (a) Hamburger, W W, and Saphir, O Pul- 

monary Embolism Complicating and Simulating Coro- 
nary Thrombosis, M Clin North America 16 383, 1932 
Averbuck, S E The Differentiation of Acute Coronary 
Thrombosis from Pulmonary Embolization, Am J M 
Sc 187 391, 1934 Scherf, D , and Schonbrunner, E 
Ueber Herzebefunde bei Lungenembolien, Ztschr f klm 
Med 128 455, 1935 Gorham, L W The Differential 
Diagnosis of Acute Occlusion of the Coronary and Pul- 
monary Arteries, Albany M Ann 55 91, 1936 Hag- 
gard, J B , and Palmer, R S A Case of Pulmonary 
Embolism Simulating Coronary Thrombosis m a Young 
Man Aged Thirty-Three Years, Am Heart J 12 748, 
1936 Pilcher, R Slowly Fatal Pulmonary Embolism, 
Lancet 2 942, 1938 Johnson, A S The Antemortem 
Recognition of Pulmonary Embolism, New England J 
Med 222 793, 1940 Freston, J M Pulmonary Em- 
bolism-Diagnosis, New York State J Med 41 1843, 
1941 Currens, J , and Barnes, A R The Heart m 
Pulmonary Embolism, Arch Int Med 71 325 (March) 
1943 Murnaghan, D , McGinn, S , and White, P D 
Pulmonary Embolism With and Without Acute Cor 
Pulmonale, with Especial Reference to the Electro- 
cardiogram, Am Heart J 25 573, 1943 (6) Homans, 

J Pulmonary Embolism Due to Quiet Venous Throm- 
boses and Simulating Cardiac and Pulmonary Disease, 
New England J Med 229 309, 1943 

5 White, P D Pulmonary Embolism and Heart 
Disease A Review of Twenty Years of Personal Ex- 
perience, Am J M Sc 200 577, 1940. 


Failuie to recognize the many clinical mani- 
festations of pulmonary embolism maj lead to 
erroneous diagnosis and prevent application of 
proper therapeutic and prophylactic proceduies 
In order to gam a more comprehensive view of 
the total clinical picture of pulmonary embolism 
than is now available, all cases at the Beth Israel 
Hospital, Boston, from 1929 to 1942, inclusive, 
with the diagnosis of pulmonary embolism were 
reviewed Only those cases were selected m 
which the diagnosis was reasonably certain, the 
demonstration of a source of embolism was con- 
sidered desirable but not essential Of 500 cases 
reviewed, 108, including 32 cases studied at 
autopsy, were selected for study There w ere 76 
cases in which recovery occurred or postmortem 
examination was not performed In 61 of these 
cases roentgenologic evidence of pulmonary in- 
farction and/or electrocardiographic changes 
consistent with acute cor pulmonale 6 were 
present, and in 50 of these there was a definite 
source of embolism In 9 cases, the clinical pic- 
ture was consistent with pulmonary embolism 
and the souice of embolism was demonstrable 
Thus of the total of 108 cases, 102, besides show- 
ing a consistent clinical picture, satisfied any 
one or a combination of the following criteria 
evidence at autopsy of pulmonar) embolism, 
electrocardiographic pattern of acute cor pul- 
monale, roentgenographic evidence of pulmonary 
infarction or demonstration of the piobable 
source of embolism Of the remaining 6 cases, 
there were 4 cases of sudden postoperative death 
in patients under the age of 40 without any 
antecedent history of hypertension oi cardio- 
vascular disease, and m only 2 cases diagnosis 
was made entirely on the basis of the clinical 
pictuie Cases of mitral stenosis and congestive 
failure, subacute bacterial endocarditis with 
embolic phenomena and sudden postopeiative 
death m elderly patients without any other evi- 

6 McGinn, S , and White, P D Acute Cor Pul- 
monale Resulting from Pulmonary Embolism Its Clini- 
cal Recognition, JAMA 104 1473 (April 27) 1935 
Barnes, A R Diagnostic Electrocardiographic Changes 
Observed Following Acute Pulmonary Embolism, Proc 
Staff Meet, Mayo Clin 11 11, 1936 
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dence pointing to pulmonary embolism were not 
included Thus, the selection of cases was rigid, 
and, while some cases of pulmonary embolism 
were undoubtedly excluded, the diagnosis m all 
probability was correct in the 108 cases chosen 
for study 

ANALYSIS OF DATA 

The individual symptoms and signs and labora- 
tory data observed in the 108 cases were tabu- 
lated (tables 1 and 2) Since the clinical mani- 
festations of pulmonary embolism tend to appear 

Table 1 — Signs and Symptoms Found in Association 
with Pulmonary Embolism 



Number of 

Number of 


Cases 

Clinical Episodes 

Signs and Symptoms 

(Total 108) 

(Total 162) 

Tain 



Pleuritic 

54 

66 

Anginal 

26 

37 

Inadequately described 

2 

2 

Respiratory manifestations 



Pulmonary signs 

59 

67 

Cyanosis 

3G 

54 

Dyspnea 

43 

50 

Cough 

38 

45 

Tachypnea 

38 

43 

Hemoptysis 

29 

34 

Pleural friction rub 

12 

12 

Signs of infection 



Fever 

69 

84 

Chills 

4 

5 

Cardiovascular manifestations 



Tachycardia 

53 

62 

Fall in blood pressure 

27 

35 

Cold clammy skin 

22 

30 

Apprehension 

14 

14 

Arrhythmia 

7 

7 

Distended veins in the neck 

5 

5 

Rise in blood pressure 

2 

2 

Palpitation 

1 

1 

Systolic pulmonic murmur 

1 

1 

Pulmonary gallop rhythm 

1 

1 

Pericardial friction rub over 



pulmonic area 

1 

1 

Cerebral manifestations 



Coma 

10 

u 

Sudden weakness 

10 

11 

Syncope 

6 

6 

Incontinence 

3 

3 

Dizziness 

3 

3 

Convulsions 

2 

2 

Miscellaneous signs and symptons 



Jaundice 


- 

Nausea 

o 

0 

9 

Vomiting 

o 

2 

Epigastric distress 

1 

1 

Hiccup 

1 

1 

Muscular aches and pains 

1 

1 


m recurnng attacks or episodes, many of the 
symptoms and signs were present more than 
once m some of the patients Each appearance 
of a symptom or sign or of a combination of 
them is referred to as a clinical episode Certain 
individual symptoms and signs or combinations 
of them m a given patient simulated diseases or 
syndromes other than pulmonary embolism (ta- 
ble 3) 

1 Pleunsy — Pleuritic pam occurred sixty-six 
times m 54 patients There were no other sjunp- 
toms or signs, with the exception of fever, in 
fourteen episodes, so that a diagnosis of simple 


pleurisy might have been made Hemoptysis 
without additional evidence except pam was 
present m 9 other patients Signs of pulmonary 
consolidation were found m the remaining pa- 
tients with pleuritic pam, the clinical picture 
being that of pneumonia The development of 
pleural effusion was noted m 1 case One patient 
had both pleuritic and anginal pam in the same 
episode 

Table 2 — Laboiatoiy Obseivattons 


Laboratory Test 

Number 
of Times 
Test 

Performed 

Number 

with 

Abnormal 

Results 

Number 

with 

Normal 

Results 

White blood cell count 

92 

65 

27 

Icterus index 

24 

11 

13 

Electrocardiogram 

33 

26* 

7 


* In 16 cases there was the classic pattern of acute coi 
pulmonale, 0 and in 10, minor changes consistent with an incom 
plete pattern of acute cor pulmonale 


2 Pneumonia — Signs consistent with pul- 
monary consolidation were found sixty-seven 
times in 59 patients Although in some of these 
the signs were equally consistent with a diag- 
nosis of atelectasis, the high incidence of pleu- 
ritic pam (forty-three episodes) and hemoptysis 
(sixteen episodes) would more logically suggest 
a diagnosis of pneumonia In this group vascular 
collapse was noted five times, clinical jaundice 
once and syncope once 


Table 3 — Syndiomes Simulated by Pulmonaty 
Embolism. 




Number of 




Episodes 

Syndrome 

(Total 162) 

1 

Pleurisy 


24 


Simple pleurisy i 

14 



Pleurisy with hemoptysis 

9 



Pleurisy with effusion 

1 


2 

Pneumonia . 


59 

3 

Acute heart failure 


12 


Dyspnea 

4 



Pulmonary edema 

8 


4 

Disease of the coronary artenes 


39 


Angina -pectoris 

14 



Acute myocardial Infarction 

25 


5. 

Acute vascular collapse 


16 

6 

Disease of the central nervous system 


3 

7 

Paroxysmal rapid cardiac action 


1 

S 

Fever of unknown origin 


3 

9 

Sudden death 


3 

10 

Incidental observation at autopsy 


3 


3 Acute Heart Failure — Forty-three patients 
had fifty episodes of dyspnea, this was the most 
prominent feature m twelve episodes, in four 
being identical with the paroxysmal dyspnea as 
seen in patients with heart disease and m eight 
being associated with pulmonary edema 

4 Coronary Heart Disease — Anginal pain 
occurred thirty-seven times in 26 patients The 
character of the pam and the absence of other 
s\ mptoms suggested the diagnosis of angina 
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pectoris in fourteen episodes, whereas the char- 
acter of the pain and the associated fever, shock, 
dyspnea or cyanosis suggested the presence of 
acute myocardial infarction in twenty-three epi- 
sodes Two additional cases in which adequate 
description of the pain m the chest was not 
available piesented other features which sug- 
gested the diagnosis of acute myocardial infarc- 
tion 

5 Vascular Collapse — Vascular collapse 
(shock) was present in forty-two clinical epi- 
sodes, m fifteen being the only clinical manifesta- 
tion Associated phenomena in the other 27 cases 
were pulmonary edema in 3, the clinical picture 
of acute myocardial infarction m 18, of pneumonia 
m 5 and manifestations referable to the central 
nervous system m 1 

6 Manifestations Referable to the Central 
Nervous System — Eleven clinical episodes were 
characterized by sudden loss of consciousness 
In six episodes the picture was that of syncope, 
but m five of these subsequent evidence suggested 
the diagnosis of angina pectoris, pneumonia or 
acute vascular collapse Of the 5 remaining cases 
2 showed additional signs (such as convulsions) 
leading to the clinical impression of a cerebral 
vascular accident 

7 Par oxysmal Rapid Cardiac Action — Tachy- 
cardia occurred sixty-two times in 53 patients 
In 7 of these the rhythm was irregular This 
phenomenon was present either as the sole 
clinical feature of an episode (1 case) or in con- 
junction with one or more of the other manifes- 
tations already described 

8 Fever of Unknown Origin — Fever of varia- 
ble duration was the sole clinical manifestation 
of pulmonary embolism in 3 patients and for 1 
of these the diagnosis of pulmonary embolism 
was first made at autopsy 

9 Sudden Death — Sudden death, without the 
prior recognition of any symptoms or signs, oc- 
curred in only 3 patients 

10 Incidental Observations at Autopsy — Un- 
suspected pulmonary embolism was found at 
autopsy in 3 patients who died of other causes 

COMMENT 

The clinical course of pulmonary embolism is 
punctuated by a series of events, and in the 
intervals between these there may be a complete 
absence of abnormal signs These events may 
be thought of as attacks or clinical episodes con- 
sisting of the sudden appearance of one or more 
symptoms (tables 1 and 3) with or without ab- 
normal physical or laboratory signs The peculiar 
combination of these symptoms or signs or the 


sudden appearance of a single one may result 
m the diagnosis of angina pectoris, syncope, 
paroxysmal rapid cardiac action and so forth 
Chmcopathologic correlation has shown, con- 
trary to our expectation, that each episode does - 
not necessarily represent a separate pulmonary 
embolism One embolus 'may be associated with 
repeated clinical episodes, or there may be fewer 
clinical episodes than the number of emboli 
which can be recognized at autopsy The ex- 
planation for this discrepancy is not available, 
but possibly it may be found in reflexes arising 
from inflamed veins or m arteries lodging emboli 
Fatal pulmonary embolism uncommonly oc- 
curs without previous signs or symptoms, and 
the data clearly show that the source of emboli m 
the great majority of cases is the peripheral 
venous system (table 4) In order to prevent < 
fatal embolism by the application of therapeutic 


Table 4 — The Source of Embolism 



Number of 

Source 

Cases 

Evidence 

Veins of the leg 

60 

Definite evidence of thrombo 
phlebitis 

Presumptive (no clinical men 
tion of thrombophlebitis and 
no heart disease) 


SO 

Veins of the arm 

2 

Definite evidence of thrombo 
phlebitis 

Pelvic veins 

6 

Postmortem evidence 


2 

Suggestive clinical evidence 

Mural cardiac thrombus 3 

Postmortem evidence 


6 

Suggestive clinical evidence of 
heart diseaso and no evidence 
of peripheral thrombophle 
bitis 


measures that are or may become available, it is 
necessary to recognize the significance of the 
numerous warning symptoms or signs The diag- 
nosis should be made, or at least suspected, even 
though the only manifestations of pulmonary 
embolism are such common events as paroxysmal 
rapid cardiac action or what appears to be syn- 
cope Pleuritic pain, especially in association 
with other manifestations, may indicate the cor- 
rect diagnosis, but anginal pam, so common in i 
pulmonary embolism, may be misleading and 
obscure the diagnosis The data indicate that 
anginal pain occurs more commonly m associa- 
tion with pulmonary embolism than has been 
recognized It is a good rule to consider seriously 
pulmonary embolism, m addition to other condi- 
tions, whenever a diagnosis of myocardial infarc- 
tion is made but not firmly established Early 
in the course of myocardial infarction the tem- 
perature is normal, whereas in pulmonary em- 
bolism it is elevated, as a rule, with the onset ot 
pain Brief episodes of syncope or vascular col- 
lapse are much more common before the onset -4 
of pam in pulmonary embolism than m myo- 
cardial infarction Intensification of pam by in- 
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spiration, with or without objective evidence of 
pleurisy, may occur with the outset of pam in 
pulmonary embolism but rarely occurs at a com- 
parable stage in myocardial infarction Anginal 
pam is apparently equally common m men and 
women with pulmonary embolism, in contrast 
to the sexual disparity m coronary heart disease 
Anginal pain in pulmonary embolism may occur 
m patients without coronary heart disease or be 
absent in those with coronary heart disease, but 
almost one half of the patients in our series 
with anginal pam during pulmonary embolism 
had a past history of angma pectoris or acute 
myocardial infarction, and this fact may obscure 
the differential diagnosis The incidence of an- 
ginal pam in pulmonary embolism is not influ- 
enced by the age of the patient 

Pulmonary embolism should also be con- 
sidered in cases of pulmonary edema, sudden 
vascular collapse, cerebrovascular accidents and 
acute heart failure and as a possible diagnosis 
m cases of fever of unknown origin Not infre- 
quently a diagnosis of acute heart failure is made 
and pulmonary embolism is overlooked The ab- 
sence or paucity of signs in the heart and lungs 
in such cases should encourage one to elicit other 
signs and symptoms 

It is not necessary to consider the diagnosis of 
pulmonary embolism every time a patient faints 
or has a paroxysm of auricular fibrillation,, Much 
depends on the background Suspicion should 
be aroused, however, by these events in patients 
who have been immobilized by illness or opera- 
tions and in those with histories of vascular dis- 
ease or of trauma or infection, no matter how 
trivial m a leg (table 5) Homans 4b has recently 
presented a series of cases of pulmonary embo- 
lism occurring in ambulatory patients from “si- 
lent” thrombosis of the veins of the leg Unex- 
plained vascular collapse, even if of short dura- 
tion, should strengthen the suspicion of pul- 
monary embolism, particularly as more and more 
of the symptoms and signs listed in table 1 can 
be elicited It is obvious that pam, dyspnea, 
tachycardia, fever, pulmonary signs and vascu- 
lar collapse are common in pulmonary embo- 
lism, and hemoptysis is absent in many cases 
Some of the manifestations of pulmonary embo- 
lism, such as pericardial friction rub or gallop 
rhythm over the pulmonic area, although uncom- 
mon, are of great importance m diagnosis and 
should be looked for carefully Demonstration of 
a dilated pulmonary artery by physical exami- 
nation or by roentgen examination may also aid 
in the diagnosis When a diagnosis of pulmonary 
embolism is being considered on the basis of such 
simple events as paroxysmal auricular fibrillation 


or syncope, the definite presence of phlebitis 
greatly increases the probability that pulmonary 
embolism has occurred But it is probably of 
greater importance that the diagnosis of pulmo- 
nary embolism should not be discarded merely 
because the presence of phlebitis cannot be estab- 
lished Of the 108 cases studied here the souice of 
embolism m 90 was presumably from thiombo- 
phlebitis of the deep veins of the leg In only two 
thirds of these was there definite clinical evidence 
of an active phlebitic process In a number of 
cases conclusive signs m the legs became appar- 
ent several days after the initial episode of pul- 
monary embolism, even though they were dili- 
gently searched for previously In a number of 
cases peripheral thrombophlebitis was probably 
overlooked, because the legs of the patients were 
not examined daily The possibility of phlebo- 
thrombosis occurring m the absence of thrombo- 
phlebitis 7 must also be considered and may ex- 
plain the paucity of abnormal physical signs in 


Table 5 — Factois Piedisposmg to Embolism 



Number of 

Predisposing Factor 

Cases 

Operation 

64 

Nonsurgical diseases 

14 

Trauma to an extremity 

6 

Thrombophlebitis In patients -with 

peripheral 

vascular disease 

24 


the legs of patients who presumably have been 
having repeated pulmonary emboli from veins 
of the leg In patients with heart disease or with 
changing rhythms the heart must be considered 
as a possible source of the embolism, and in pa- 
tients who have had pelvic operations throm- 
boses may develop m the pelvic veins from 
which clots may break off Demonstration, 
therefore, of a possible source of embolism is 
strong evidence for pulmonary embolism, but 
the absence of any demonstrable source, especially 
of perpiheral thrombophlebitis, does not neces- 
sarily rule it out From a statistical point of 
view it is probably correct to say that a diagnosis 
of peripheral phlebitis should be made when pul- 
monary embolism has been diagnosed, irrespec- 
tive of signs in the legs, and from a therapeutic 
point of view it is important to realize that the 
phlebitis is often bilateral 

Laboratory studies may be of considerable help 
m diagnosis when considered m conjunction with 
the clinical picture Abnormal roentgenograms 
are commonly found but require expert knowl- 
edge for proper interpretation The absence of 

7 Ochsner, A , and DeBakej , M Thrombophlebitis 
and Phlebothrombosis, South Surgeon 8-2 69, 1939 
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confirmatory roentgenographic evidenqe does 
not rule out pulmonary embolism, because in- 
farction may not have occurred or, if present, 
may be located in an area of the lung not acces- 
sible to adequate examination The electro- 
cardiographic pattern of acute cor pulmonale is 
distinctive, and if electrocardiograms are taken 
early and repeated at frequent intervals the num- 
ber of cases in which definite help in diagnosis 
will thus be obtained will be considerably highei 
than one would anticipate on the basis of reports 
m the current literature In this series the pat- 
tern of acute cor pulmonale was found m ap- 
proximately 50 per cent of the cases in which 
electrocardiograms were taken The white blood 
cell count is usually elevated after pulmonary 
embolism but not necessarily so, for in 30 per 
cent of the episodes m which this determination 
was made there was no leukocytosis Slight 
elevation of the ictei us index may be a clue lead- 


ing to the diagnosis of pulmonary embolism 
The laboratory thus aids greatly in making the 
diagnosis of pulmonary embolism, but embolism 
can occur m the absence of abnormal roentgeno- 
graphic or electi ocardiographic changes and 
without icterus or leukocytosis 

SUMMARY 

One hundred and sixty-two episodes asso- 
ciated with pulmonary embolism in 108 cases 
were analyzed, and it was found that the total 
clinical pictuie simulated pneumonia, angina 
pectoris, acute myocardial infarction, pleurisy, 
vascular collapse or acute heart failure in a large 
pei centage of the cases In a much smaller group 
the clinical picture was that of fever of unknown 
origin, paroxysmal cardiac arrhythmia, cerebral 
vascular accident oi syncope The problem of 
differential diagnosis was studied 
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In this review of the current literature on 
hematology up to 1945, an effort has been made 
to include foreign articles published during the 
past several years which have not heretofore 
been available m this country Review of articles 
m more readily available publications is limited 
to those appearing during 1944, unless it has 
appeared that through oversight an important 
article has failed to receive attention m previous 
reviews Although as comprehensive a coverage 
of the literature as possible has been attempted, 
limitations of personnel and facilities have made 
certain omissions inevitable These, it is hoped, 
may be corrected m future reviews It has been 
a source of surprise and gratification that in 
spite of the obvious obstacles to research so 
many significant investigative projects were 
successfully carried out both in this country and 
abroad 
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PERNICIOUS ANEMIA 

Etiology — It is stated by Castle 1 that beef 
muscle, milk, eggs, liver, yeast, rice polishings 
and wheat germ are known to contain the so- 
called extrinsic factor for the hemopoietic reac- 
tion with normal human gastric juice (the in- 
trinsic factor) Using the technic which he has 
previously employed of testing material by incu- 
bating it with normal human gastric juice and 
administering the product to patients with pei- 
nicious anemia, he found that the careful purifi- 
cation required to render crude casein vitamm- 
free is also essential for the elimination of the 
extrinsic factoi Furthermore, it was observer 
that the addition of thiamine, riboflavin, mcotm 

1 Castle, W B , Ross, J B , Davidson, C S ’ 
Burchenal, J H , Fox, H J , and Ham, T H 
Extrinsic Factor in Pernicious Anemia Ineffectivenes 
of Purified Casein and of Identified Components of th' 
Vitamin B Complex, Science 100 81, 1944 
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amide, pyridoxine hydrochloride, dicalcium pan- 
tothenate, paraammobenzoic acid, choline hydro- 
chloride, 2 -inositol, biotin, xanthopterin and folic 
acid to casein so extracted gave no evidence of 
the reconstitution of the extrinsic factor activity 
of the crude casein He concluded, however, that 
it is nevertheless reasonable to continue to regard 
the extrinsic factor as the thermal stable com- 
ponent of the vitamin B complex, as yet uniden- 
tified 

The theory has previously been advanced by 
Agren 2 that the intrinsic factor of Castle might 
be identical with the enzyme ammopolypeptidase 
This is based on the observation that the injection 
of crystalline secretin intravenously into cats 
provoked a secretion from the distal part of the 
pyloric region and the proximal part of the duo- 
denal region which contained a high concentra- 
tion of ammopolypeptidase It was demonstrated 
further that an enzymic action (proteolysis) took 
place after this secretion was incubated with 
muscle extract Furthermore, while preparing 
the enzyme from the pyloric mucosa of hogs it 
was found that purified enzyme solutions appar- 
ently contain most of the intrinsic factor activity 
present in the mucous membrane The author 
states he has now purified the enzyme to about a 
hundred times Evidence that the aminopoly- 
< peptidase is the intrinsic factor is based on the 
assumption that if the intrinsic factor activity can 
be shown to parallel that of ammopolypeptidase 
the conclusion that the latter may be identical 
with the intrinsic factor would be favored While 
this may be suggestive evidence, it certainly 
would not be entirely convincing Clinical results 
which the investigator obtained on 4 patients 
suggested this relation He states that a detailed 
report will appear in the Acta Medica Scan- 
'dmavica 

' Careful consideration is given by Askey 3 to 
the hypothesis that pernicious anemia may be 
Df dietary origin The rather startling statement 
s made that if dietary deficiencies cause addi- 
>onian pernicious anemia then they must also 
Explain the natural distribution and natural 
ustory of the typical form of the disease This 
s a conclusion which m our minds does not seem 
o be entirely permissible In evaluating the 
' elation of the dietary factors in patients with 
lertucious anemia, Askey sets up rather high 
tandards as diagnostic criteria For example, 
He diagnosis of pernicious anemia is not abso- 

2 Agren, G Nature of the Anti-Anaemic Factor 
Castle), Nature, London 154 430, 1944 

3 Askey, J M Dietary Factor m Etiology of 

emicious Anemia, Ann Int Med 21 402, 1944 


lutely acceptable to him unless there is a pri- 
mary composite triad of essential criteria con- 
sisting of (1) a permanent histamine- refractory 
anacidity, (2) a permanent reduction of Castle’s 
intrinsic factor and (3) a reduction of the stored 
anti-pernicious-anemia principle While his ar- 
guments favoring the rigidity of the criteria in 
evaluating patients with macrocytic anemia are, 
undoubtedly sound, nevertheless, they are not 
practical Askey considers that the natural his- 
tory of pernicious anemia is indicated by an 
orderly development of anacidity, loss of intrinsic 
factor and loss of anti-pernicious-anemia liver 
principle While this theory may be correct, it 
certainly is an assumption He cites convincing 
evidence to indicate that there is no relation 
between the natural distribution of the disease and 
poor nutrition For example, m China and Java, 
where malnutntion is common, pernicious anemia 
is almost unknown He also states that, although 
no precise data regarding the diets of patients 
with pernicious anemia over long periods are 
available, there is no evidence to indicate that 
there is an inadequate intake of food except m 
the periods just before the manifestations of the 
disease appear We have been interested in this 
problem since 1927 and made an extensive analy- 
sis, which was not published, of the dietary habits 
of a fairly large group of patients with pernicious 
anemia and compared this with a similar analysis 
of a control group with various other diseases 
There was no difference between the two groups 
In discussing the question “can dietary defi- 
ciencies produce addisoman pernicious anemia 
Askey 4 cites the prevalence of macrocytic anemia 
in many Mohammedan women of India, who live 
on diets largely vegetarian, high in carbohydrate 
and low in protein and m natural vitamins of the 
B complex As this type of anemia does not 
respond to purified Dakm-West anti-permcious- 
anemia fraction (Anahaemin), he concludes that 
it apparently is not due to a deficiency of specific 
anti-pernicious-anemia principle Likewise, con- 
cerning sprue, he states that hydrochloric acid 
is often found in the gastric juice and that the 
intrinsic factor may also be present It appar- 
ently is his opmnon that dietary deficiencies can- 
not produce characteristic addisoman pernicious 
anemia Although he agrees that tropical macro- 
cytic anemia, pellagra and sprue respond to the 
injection of liver extract, he objects to the accep- 
tance of this information as proof that these dis- 
eases are identical with addisoman pernicious 

4 Askey, J M Addisoman Pernicious Anemia 
Without Achlorhydria Does It Exist ? Gastroenter- 
ology 2 1, 1944 
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anemia He rejects it because, he claims, the 
Cohn fraction G liver extract is usually employed 
m the treatment of such patients and this con- 
tains two distinct anti-macrocytic-anemia prin- 
ciples, namely (1) the specific pernicious anemia 
principle and (2) the anti -macrocytic- anemia 
principle effective against tropical macrocytic 
anemia In brief, Askey concludes that deficient 
diets in human beings over a period of years 
may produce macrocytic anemias but not com- 
monly the mechanism operative m addisoman 
pernicious anemia In a survey of the literature 
relating to the production of the essential fea- 
tures of pernicious anemia in experimental ani- 
mals by dietary deficiency, Askey concludes that 
only in hogs has the essential triad of objective 
signs been produced by a defective diet He con- 
cludes that such a condition has been produced 
by Miller and Rhoads 5 It is his opinion, how- 
ever, that dietary deficiencies which produce the 
essential objective triad of pernicious anemia m 
members of a remote species, hogs, fail to pro- 
duce pernicious anemia either in members of the 
nearest related species to human beings, mon- 
keys, or in human beings themselves He does 
not regard these experiments, therefore, as being 
of crucial significance 

In a discussion of the racial distribution of 
pernicious anemia, Askey concludes that when the 
racial factor is constant in any particular area 
of the world and the climatic factor is variable 
varying results occur It is his opinion, there- 
fore, that climate is of secondary importance to 
race in producing the incidence of pernicious 
anemia He believes that racial factors best ex- 
plain the natural geographic distribution of the 
disease It is his final opinion that the natural 
distribution, which is racial, geographic and 
climatic, can be adequately explained by heredi- 
tary factors 

A resume of the literature dealing with the 
late effects of total and subtotal gastrectomy has 
been given by Ingelfinger 6 Various aspects of 
disturbed physiologic function following removal 
of the stomach are considered by Ingelfinger, but 
only those relating to the development of anemia 
iv ill be discussed here 

He asks “Why do not patients with gastrec- 
tomies, particularly those with total gastrec- 
tomies, have pernicious anemia He goes on to 

5 Miller, D_ K., and Rhoads, C P The Experi- 
mental Production of Loss of Hematopoietic Elements 
of the Gastric Secretion and of the Liver m Swine with 
Achlorlndria and Anemia, J Clm Investigation 14 
153, 1935 

6 Ingelfinger, F. J Late Effects of Total and 

bubtotal Gastrectomy, New England J Med 231:321, 


say, however, that as a matter of fact a small 
number of patients do, but m his opinion the 
development of true pernicious anemia is an 
extremely rare sequela He points out, however, 
that in 1941 Meyer, Schwartz and Weissman 7 
collected 54 cases of what they considered to 
be authentic pernicious anemia following total 
gastrectomy Since that time another case has 
been reported by Rhodes and Grunberg 8 It is 
pointed out by Ingelfinger that before one can 
assert that true pernicious anemia occurs as a 
sequel to gastrectomy control periods during 
which the patient receives extrinsic factor and is 
observed by means of reticulocyte counts before 
and during liver therapy, adequate follow-up 
periods and possibly even studies of the bone 
marrow are necessary In his opinion, even if 
the evidence for pernicious anemia is unequivo- 
cal, the possibility still exists that m some cases 
pernicious anemia following gastrectomy is mere- 
ly the results of coincidence The relation of total 
gastrectomy to the development of the blood 
picture of pernicious anemia has been of interest 
to us over a considerable period of years Cer- 
tainly, if the hypothesis of Castle is true, then 
the removal of the entire stomach should be 
followed by the development of a blood picture 
of pernicious anemia This undoubtedly occurs 
m some cases, but it sometimes does not appear 
until after a period of two to four years has 
elapsed When one considers that the operation 
for total gastrectomy is even now not a common 
one, but is becoming more so, and that in the 
past many of the patients did not survive the 
operation over a few days and some not over a 
few months, it is not surprising that only a 
relatively small number of cases can be recorded 
It is our tentative belief, which may be revised 
depending on the subsequent observations, that 
the complete removal of the stomach of any 
human being will ultimately be followed by the 
development of the blood picture of pernicious 
anemia if the patient is followed over a period of 
years and does not receive anti-permcious- 
anemia therapy With the increasing frequency 
of this operation, the answer to this important 
question should be learned within the next few 
years 

A report on total gastrectomy of 73 patients, 
of whom 24 failed to survive, giving an operative 
mortality of 33 per cent, is published by Lahey 

7 Meyer, K. , Schwartz, S O , and Weissman, 
L H Pernicious Anemia Following Total Gastrec- 
tomj, Arch Surg 42:18 (Jan) 1941 

8 Rhodes, A J , and Grunberg, A Macroc\ tic 

Anemia Following Partial Gastrectomy, Brit M T 1* 
726, 1943 * J 
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and Marshall 9 Of the last 28 patients on whom 
gastrectomy was done, however, only 5 died, 
which figure represents a mortality rate for that 
group of 18 per cent It is undoubtedly true that 
total gastrectomy for gastric carcinoma will be- 
come a more common operation in the future as 
an increasingly large number of patients aie being 
reported on on whom this operation has been 
performed This is of special interest to the 
hematologist, as it creates an experimental con- 
dition which should throw considerable light on 
Castle’s hypothesis m relation to the etiologic 
importance of the intrinsic factor of the stomach 
to the development of pernicious anemia A brief 
l efei ence is made in this paper to the appearance 
of anemia following the -operation, the sole state- 
ment being “In spite of the loss of all the 
gastric tissue, the primary type of anemia has 
not been encounteied after total gastrectomy 
Postoperative secondary anemia is a frequent 
complication to be watched for, and, when it 
does occur, the patient should be put on a regu- 
lar maintenance dose of liver extract parenter- 
ally ” The increasing frequency of gastrectomy, 
therefore, raises an interesting question which 
will undoubtedly be decided by further observa- 
tions Why does not complete anatomic extir- 
pation of the stomach, which is responsible for 
the formation of the intrinsic factor, always pro- 
duce pernicious anemia ? This question is asked 
by Askey 4 It is known that patients may survive 
for yeai s following total gastrectomy without the 
development of pernicious anemia Allen 10 re- 
ported on 1 patient alive and well with a normal 
blood picture four and one-half years after total 
gastrectomy It would seem that if the stomach 
is the site of the manufactuie of the intrinsic 
factor after its removal there must be either a 
large store of this material or of the erythiocyte- 
| maturing factor somewhere in the body An- 
other possibility is that the intrinsic factor may 
be manufactured elsewhere, although with the 
present state of knowledge there is no informa- 
tion which has a bearing on this particular point 
It has been shown by Geiger, Goodman and 
Claiborn 11 that total gastrectomy in swine pro- 

9 Laliey, F H , and Marshall, S F Indications 
1 for and Experience with Total Gastrectomy, Based on 
i Seventy-Three Cases of Total Gastrectomy, Ann Surg 
, 119 300, 1944 

l 10 Allen, A W Total Gastrectomy for Carcinoma 
of Stomach, Am J Surg 40 35, 1938 

11 Geiger, A J Goodman, L S , and Claiborn, 
L N Effects of Gastro-Intestinal Resections in Swine 

on Anti- Anemia Potency of Liver, with Observations 
, on Mature and Sources of Materials Effective in Per- 
nicious Anemia, Yale J Biol & Med 13 259, 1940 


duces exhaustion of the supply of anti-permcious- 
anemia principle in the liver Now information 
beanng on this point is available m human be- 
ings who had a total gastrectomy some years ago 
Certainly, if the opportunity offers, this obser- 
vation should be obtained 

A comprehensive review of the literature relat- 
ing to the stomach and erythropoiesis and also 
to the etiologic role played by the stomach in 
pioducmg both hypochromic and hyperchromic 
anemias is given by Wollheim 12 In addition, he 
piesents some of his own experimental observa- 
tions on labbits and dogs and discusses his 
conclusions i elating to the etiology of pernicious 
anemia and to the normal control of erythropoi- 
esis 

Achloi Jiydi la w Pernicious Anemia — When 
one reports a case of pernicious anemia m which 
it is claimed that hydrochloric acid is present in 
the gastric juice, it becomes necessary, m the 
opinion of Askey, 1 first, to exclude all the 
possible causes of maciocytic anemia, second, 
to demonstrate the absence of the intiinsic fac- 
tor, and, finally, to piove that the anemia is due 
to a deficiency of the specific anti-permcious- 
anenna liver factor Cirrhosis of the liver, ex- 
treme hypothyroidism, pregnancy, sprue, pel- 
lagia, gastric neoplasm, intestinal strictures and 
anastomoses and gross nutritional deficiencies 
are all adequate causes for macrocytic anemia 
These must be excluded before the diagnosis of 
tiue pernicious anemia is acceptable According 
to Askey, a reduction m the gastnc intiinsic 
factor may be associated with pregnancy, gastnc 
neoplasm, sprue, intestinal stnctures ulcers and 
avitaminosis, and the mechanism of the loss of 
the intrinsic factor m these conditions is not the 
same as in addisonian pernicious anemia To be 
significant, therefore, the loss of the intiinsic 
factor must be shown to be idiopathic by the 
exclusion of the other conditions which may in- 
duce it It is recognized by Askey that it is 
impracticable to demonstrate reduction in the 
specific liver pi maple Dnect studies by biologic 
assay of the hvei can be made only in the fatal 
cases Indirect data obtained by the response of 
the patient to the administration of livei extiact 
are not entirely acceptable, according to this in- 
vestigator In his opinion, the liver extiact 
usually used is Cohn’s fraction G, which contains 
not only the specific anti-permcious-anemia 
principle but also different fractions which have 
been shown to be effective in nutritional macro- 

12 Wollheim, E Magen und Erythropoese, Schweiz 
med Wchnschr 73 233, 1943 
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cytic anemia of the tropics According to him, 
it is impossible to know, theiefore, whethei im- 
provement of a macrocytic anemia following the 
administration of Cohn’s fraction G is due to the 
specific anti-permcious-anemia fraction or the 
fraction efifective against nutritional macrocytic 
anemia He suggests that if the response to liver 
is used as a therapeutic test a favorable effect is 
of little significance unless the Dakin- West prod- 
uct or one of the other highly purified fractions 
obtained fiom the original Cohn’s fi action G is 
used He assumes that a determination of the 
response to desiccated hog stomach ( Ventriculm) 
would be a more precise and accurate therapeu- 
tic test 

In a consideration of 47 reports m the litera- 
ture of cases of pernicious anemia without achlor- 
hydna, he has concluded that 32 of these cases 
are unacceptable because other causes for the 
anemia were present or because the data were 
unconvincing It is Ins final opinion that it has 
nevei been established beyond doubt that addi- 
soman pernicious anemia can exist with per- 
sistence of secretion of hydrochloric acid The 
diagnosis of addisoman pernicious anemia, there- 
foie, without achloihydria has been a presump- 
tion, not an established fact It is his opinion that 
the existence of true pernicious anemia without 
anacidity as yet cannot be accepted In this 
belief we are in complete accord Certainly, the 
pi esence of hydrochloric acid in the gastric secre- 
tions of patients suspected of having pernicious 
anemia casts serious doubt on the diagnosis, and 
some other explanation of the associated macro- 
cytic anemia should be sought 

A gastnc analysis was done on 418 geneial 
medical patients in Bombay, India, by Bhende, 18 
and it was found that 84 of them had achlorhy- 
dna Seventy-nine of these patients had anemia, 
and hence it was apparent that the anemia con- 
tributes most frequently m this particular aiea to 
achlorhydria These patients, m fact, were ad- 
mitted to the hospital primarily for treatment of 
the anemia state Analysis of the types of anemia 
are as follows true achlorhydria, as indicated by 
the absence of free hydrochloric acid following 
the injection of histamine, 44, pernicious anemia, 
19, tropical maciocytic anemia, 13, idiopathic 
hypochromic anemia, 5 , normocytic anemia of 
vai led origin, 4 , hook worm infection, 1 , pel- 
lagm, 1, and carcinoma of the stomach, 1 There 
veie 35 patients classified as having false achlor- 
hydria, that is, patients who had no free hydro- 
chloric acid after a test meal Of these patients, 

13 Bhende, Y M Achlorhydria and Anaemia An 
Analjsis of Se\entj-Nine Cases, Indian M Gaz 77 13, 


7 secreted acid after the administration of dilute 
alcohol and the remainder required the maximum 
stimulus of histamine for the demonstration of 
hydrochloric acid Thus, in 28 of 72 patients with 
anemia, or 38 8 per cent, acid was found m the 
gastric contents only after the injection of his- 
tamine Theie were 31 patients with false 
achlorhydna, classified as tropical maciocytic 
anemia, 1 with idiopathic hypochromic anemia, 
2 with noimocytic anemia of varied ongm, and 
1 with noimocytic anemia with cirrhosis of 
the liver The author emphasizes that hist- 
amine stimulus must always be employed to 
distinguish true from false achloihydria He 
also points out that some patients with tiopical 
macrocytic anemia do not exhibit tine achlor- 
hydna 

A comprehensive consideration of achloi hydria 
in patients with anemia is given by Mosch- 
cowitz 14 He discusses the incidence of achlor- 
hydria in apparently normal persons, and the 
i elation of achlorhydria to idiopathic hypo- 
chromic anemia, to pernicious anemia, to the 
anemia of pregnancy, to the anemia of myxedema, 
to the anemia of sprue and to the anemia of gas- 
tric carcinoma A statement is made which we 
challenge, namely, that pernicious anemia may 
develop in persons with hydrochloric acid in the 
stomach The reference to the woik of Askey 
abstracted m this review is of interest in this 
connection The discussion by Moschcowitz, 
however, is exceedingly thorough, and a bibliog- 
raphy of fifty-eight articles is appended 

It has been reported by Davis 10 that the daily 
oi al administration of 5 Gm of soybean lecithin 
to dogs resulted m a reduction in the red blood 
cell count which peisisted for at least ten days 
after cessation of the lecithin feeding He also 
observed that choline hydrochloride in daily 
oi al doses of 8 mg per kilogram of body weight 
caused a significant depression m the number of 
erythrocytes in dogs The action of cholme m 
this case was explained by its assumed depress- 
ing effect on erythropoiesis caused by the in- 
ci eased blood flow and oxygen supply to the bone 
marrow through its vasodilator action 

Studies have also been made by Davis 10 which, 
if verified, would provide a mechanism for the 

14 Moschcowitz, E Essajs on the Biologj of Dis- 
ease The Biology of Achlorhjdna in Relation to 
Anemia, J Mt Sinai Hosp 10 796, 1944 

15 Davis, J E Depression of Normal Erythrocjte 
Number by So}bean Lecithin or Cholme, Am J Ph\siol 
142 65, 1944 

16 Davis, J E Experimental Production of H>per- 
chromic Anemia in Dogs Which Is Responsne to Anti- 
Permcious Anemia Treatment, Am T Ph\siol 142 
402, 1944 
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evaluation of anti-pernicious-anemia medication 
He produced a hyperchromic anemia m dogs by 
the oral administration of three doses daily of 
choline chloride, 10 mg each per kilogram of 
body weight This resulted m moderate to mild 
anemia in the animals He believed that the 
anemia was the result of a depression of erythro- 
poiesis It is of great interest to note that the 
intramuscular injection of adequate doses of 
purified solution of liver extract m 3 of the dogs 
caused an increase in the number of red blood 
cells, with a return to normal m approximately 
four weeks These lesponses continued in spite 
of administration of choline Powdered stomach 
U S P , fed m daily doses of 20 Gm to 1 
mildly anemic dog, caused a return of the red 
blood cells and hemoglobin percentage to normal 
within twelve days m spite of continued choline 
feedings These experiments, if confirmed, are 
of the greatest importance and deserve careful 
consideration by all hematologists 

Davis 16 gave 60 Gm of lard and 10 mg of 
choline hydrochloride per kilogram of body 
weight daily to 4 normal dogs and observed the 
effect on the circulating blood He found that 
there was a rapid significant i eduction in the 
erythrocyte count, associated with an elevation 
of the icterus index It was his opinion that the 
fat caused anemia by increasing hemolysis and 
that the cholme feeding alone would not pro- 
duce a significant fall in the erythrocytes until 
it had been administered for eight or more days 
It was his belief that the choline acted by caus- 
ing vasodilatation and improved blood and oxy- 
gen supply to the bone marrow, thus depress- 
ing eiythropoiesis As he expressed it “Choline 
acted as a weak brake to inhibit any acceleration 
of erythropoiesis which may normally follow 
the hemolytic destruction of red blood cells ” 

It has been noted by Johnson, Freeman and 
Longmi 17 that the lacteal lymph collected close 
to the small intestines of dogs after a fatty meal 
is strongly hemolytic They assumed that the 
hemolytic action was due to the action of free 
fatty acids which had failed to be resynthesized 
This observation led to a series of experiments 
in which they demonstrated that exposure of 
normal human red blood cells to hpemic serum 
i renders those cells more susceptible to hemoly- 
sis by distilled water or by soap solutions They 
1 concluded, therefore, that these experiments sug- 
gest that the destruction of an appreciable part 

17 Johnson, V , Freeman, L , and Longmi, J Eryth- 
roc> te Damage by Lipemic Serum m Normal Man and 
in Pernicious Anemia, JAMA 124 1251 (April 29) 
1944 


of red blood cells in normal human beings might 
be accounted for by the injurious effects of in- 
gestion of fat, although bone marrow seems fully 
able to compensate for these losses of red blood 
cells It occuned to them, however, that an in- 
crease m this destructive effect of ingested fat 
might be responsible for certain human anemias 
After making a number of observations on pa- 
tients with pernicious anemia, they concluded that 
m patients with untreated pernicious anemia the 
ingestion of fat is more injurious to red blood 
cells than it is in treated patients with pernicious 
anemia or in normal persons Their experi- 
ments also led them to conclude that the fragility 
of the erythrocytes is increased by exposure to 
normal hpemic serum These observations strong- 
ly suggested to the observers that the ingestion of 
fat may injure the red blood cells sufficiently to 
contribute significantly to the anemia of per- 
nicious anemia and that an abnormal sensitivity 
of the red blood cells to the products of fat ab- 
sorption may be an etiologic factor in this type of 
blood disorder The authors review the evi- 
dence supporting the concept that hemolysis is at 
least a factor in causing the anemia of pernicious 
anemia and state that evidence is accumulating 
to the effect that liver extract acts in anemia 
generally by protecting the erythrocytes from ex- 
cessive hemolysis They also note that liver 
therapy has been demonstrated to protect red 
blood cells against hemolysis and also to be 
curative in the anemia produced in animals by 
indole plus a deficient diet This fact is sup- 
ported by their experimental evidence that in- 
gestion of fat injured the red blood cells m pa- 
tients with untreated pernicious anemia more 
than in normal persons or m patients with 
treated pernicious anemia It is their opinion 
that the evidence presented in this paper would 
seem to provide a basis for attempts to control 
or improve the condition of patients with per- 
nicious anemia by a diet that is as nearly fat-free 
as possible 

These observations are of interest and open 
up a new field which may be of great importance 
and have a significant bearing on the cause of 
pernicious anemia as well as the cause of othei 
types of hemolytic anemia 

Previous literature dealing with the possible 
association between the relative lack of solar 
radiation and the mortality rate from pernicious 
anemia is reviewed by Thiersch 18 It has been 
stated that there is a significant relation between 
the relative lack of solar radiation and the mor- 

18 Thiersch, J B Solar Radiation and Pernicious 
Anemia in South Australia, M J Australia 1 583, 1944 
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tahty rate from pernicious anemia in the United 
States and that this is also true concerning the 
disease m Europe Furthermore, m 1942 Ap- 
perly 19 came to the conclusion that the mor- 
tality rate of pernicious anemia and the amount 
of solar radiation were inversely related The 
studies by Thiersch, however, do not confirm this 
view He concludes that there was no evidence 
found in South Australia to confirm the hypothe- 
sis that an inverse relation existed between the 
incidence of pernicious anemia and the degree 
of solar radiation While the number of cases 
of pernicious anemia m South Australia corre- 
sponds closely to that m England, m relation to 
the population, the occurrence of cutaneous can- 
cer m South Australia is far greater than that 
m the British Isles The increase is due mainly 
to the greater solar radiation, as the localiza- 
tion of the cutaneous cancers on the face and 
hands indicates 

It is emphasized by Jasmski 20 that the con- 
dition of the bone marrow m both patients with 
spiue and patients with pernicious anemia is 
identical Furthermore, this investigator states 
that m the presence of an iron deficiency anemia 
the fully developed picture of pernicious anemia 
may be inhibited 

The Diagnosis of Pernicious Anemia — It is 
stated by Rossi 21 that many cases of pernicious 
anemia do not present the classic clinical pictuie 
but often have a vague symptomatology He pre- 
sents as an example the following clinical forms, 
all of them atypical (1) febrile, (2) septicemic, 
(3) intestinal, (4) gastric, (5) jaundiced, (6) 
nervous In each one of these forms, he states, the 
diagnosis of pernicious anemia was made after 
a study of the blood and the bone marrow 

A case of a 20 year old youth who was said 
to have had pernicious anemia is discussed by 
Carrera Dominguez 22 In this case the most 
outstanding features of the clinical history were 
those referred to the gastrointestinal tract, name- 
ly, vomiting, gieat loss of weight, sore tongue 
and a tendency to diarrhea Physical examination 
showed pallor, mitral stenosis and slight spleno- 
megaly The red blood cell count was 1,380,000 

19 Apperly, F L Relation of Pernicious Anemia 
to Solar Radiation in Skin Cancer, Am J M Sc 203 
854, 1942 

20 Jasmski, B Das Verhalten des retikuloendo- 
thehalen System des Knochenmarkes bei der Perniziosa- 
und Sprue-Erythropoese, Schweiz med Wchnschr 74 
1SS, 1944 

21 Rossi, R Formas disimuladas de anemia per- 
r niciosa, Rev argent -norteam cien med 1 343, 1943 

22 Carrera Dominguez, P Notas hematologicas 
con motivo de un caso de anemia de Biermer, Medicina, 
Madrid (pt 2) 11 77, 1943 


per cubic millimeter and the color index 1 63 
The white blood cell count was 3,200 per cubic 
millimeter The serum bilirubin level was 1 6 
mg per hundred cubic centimeters of serum 
There was achlorhydria present The patient 
made a good recovery with liver therapy The 
author describes this case because of the out- 
standing complaints referable to the gastroin- 
testinal systems He gives a brief discussion of 
the presence of such symptoms m patients with 
pernicious anemia 

A general article dealing with the clinical pic- 
ture and the diagnostic points of pernicious 
anemia is presented by McNamara 23 

The Nervous System in Cases of Pernicious 
Anemia — The clinical and pathologic observa- 
tions in 2 cases of pernicious anemia with sub- 
acute degeneration of the brain and spinal cord 
are described by Adams and ICubik 24 They 
emphasize that the cause of the degeneration of 
the nerve fiber m such cases is obscure but sug- 
gest that a deficiency of some substance other 
than the intrinsic factor may account for it It 
is also pointed out that lesions involving the 

cerebrum are less well known than are the 

* 

changes m the spinal cord and that they are not 
even mentioned in many textbooks on neurology 
In each of their 2 cases there were well defined 
neurologic and psychiatric symptoms, which 
serve as a basis for their discussion In their 
opinion the lesions of the cerebrum and of the 
spinal cord are almost exactly alike and consist 
of diffuse, although uneven, degeneration of the 
white matter with little or no proliferation of 
the fibrous glia This similarity suggests that 
the degeneration of the cerebral white matter is 
specifically related to pernicious anemia as is 
subacute combined degeneration of the spinal 
coid The neurologic changes which occur m 
patients with pernicious anemia are unique and 
quite unlike those that are present m patients 
with cerebral vascular disorders, multiple scle- 
rosis, encephalitis and other more chronic degen- 
erative diseases They differ from those ob- 
seived in pellagra, because m the latter condition, 
although there is degeneration m the columns of 
Goll throughout their course, this process is 
not uneven as in pernicious anemia and because 
m pellagra there is a pronounced gliosis The 
authors point out an interesting sequence of 
events which has been observed by us on more 
than one occasion In their opinion the changes 

23 McNamara, F P The Clinical Diagnosis of 
Pernicious Anemia, J Iowa M Soc 34 242, 1944 

24 Adams, R. D , and Kubik, C S Subacute De- 
generation of Brain m Pernicious Anemia, New Enriand 
J Med 231.1, 1944 
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m the spinal cold usually, if not invariably, 
precede the changes m the brain, m fact the 
order of development of involvement of the 
central nervous system is as follows hist the 
posterior columns, then the lateral and anterioi 
columns and finally the cerebral white matter 
They refer to an interesting article by Bertrand 
and Ferraro 25 m which it is repoited that in a 
patient with gastnc carcinoma and macrocytic 
anemia there were lesions of the brain and spinal 
cord exactly similai to those observed in patients 
with pernicious anemia They cite such a case 
as an example of the fact that subacute degenera- 
tion may be associated with conditions other 
than pernicious anemia Although there is a dif- 
ference of opinion about this matter as expressed 
m vanous articles in the literature, they believe 
that patients with lesions of the brain have 
mental symptoms, wheieas the converse is not 
necessarily true, as cerebial lesions have not 
always been found in patients with mental symp- 
toms They conclude by stating that they favor 
the supposition that both subacute combined 
degeneration of the spinal cord and subacute 
degenerative lesions of the bram represent an ad- 
vanced stage in a specific process that is induced 
by a deficiency of certain substances necessary to 
the metabolism of myelinated nerve fibeis They 
do not think that eveiy patient with pernicious 
anemia will have demonstrable lesions of the 
brain, but it is their belief that all those m whom 
there are definite and widely disseminated lesions 
of the brain will probably have mental disorders 

Othei Diseases Associated with Pernicious 
Anemia — Two cases of thyroid dysfunction asso- 
ciated with pernicious anemia are reported by 
Chaiaton 26 One patient was a woman of 62 
years who had a nodular goiter with severe 
anemia which had all the characteristics of perni- 
cious anemia This lesponded to treatment with 
ciude hvei extract and latei with desiccated hog 
stomach The thyroid condition was treated 
with strong solution of iodine U S P (Lugol’s 
solution) The patient improved strikingly, and 
the led blood cell count came to noirnal Thy- 
loidectomy was lefused The second patient was 
a woman of 68 years u'ho he says, had the 
classic ieatures of mjxedema, although no basal 
metabolic rate or cholesterol estimation v r as re- 

' 25 Bei trand I , and Ferraro, A Contributo alia 

conoscenza dell’anatomia patologico della degenerazione 
sub-acuta combinata del midollo spinale, Cerebello 4 
1, 1924 

26 Charaton, F B Pernicious Anemia Associated 
with Tlrvroid Disfunction Two Cases, St Thomas 
Hosp Gaz 42 94, 1944 


ported There was no question that she had a 
severe anemia with a red blood cell count of 
approximately 1,400,000 and a hemoglobin con- 
tent of 44 pei cent There was achlorhydria fol- 
lowing the injection of histamine With adminis- 
tration of desiccated thyroid, 1 gram (006 Gm ) 
twice daily, and ciude liver extract, 2 cc intra- 
muscularly, striking improvement lesulted The 
question arises here as to whether she might not 
have had a severe macrocytic anemia of myx- 
edema rather than pernicious anemia, although 
the two diseases have been reported previously 
as coexisting in the same patient In such pa- 
tients the elevation of the blood cholesterol may 
have been of importance, as it is always elevated 
m patients with myxedema m our experience 

According to Woolley 27 the term “leukanemia” 
w r as fiist mtioduced by Leube in 1900 It was 
considered to be a condition characterized by a 
leukemoid blood picture accompanied with a 
maciocytic hypei chromic anemia It is likely, 
however, that leukanemia m the earlier literature 
indicated a condition which was usually an 
aleukemic leukemia or pernicious anemia with a 
leukemoid blood leaction Woolley considers 
that the term does not designate a separate dis- 
ease entity but is used for purely descriptive pui- 
poses and thus may be likely to give rise to con- 
fusion The case of a patient who had per- 
nicious anemia and m whom outspoken myelog- 
enous leukemia later developed is reported by 
Woolley This patient v f as first seen in 1932, 
at which tune she was 48 years of age, and she 
then had the chai acteristic clinical picture of 
pernicious anemia There was achlorhydria and 
a characteristic reticulocyte response to anti- 
pei mcious-anemia medication Ten yeais later 
the typical picture of chiomc myelogenous leu- 
kemia developed, with a white blood cell count 
of 85,600 pei cubic millimetei and chai acteristic 
immature white blood cells In addition to the 
gieat mciease in the •white blood cell count and 
the presence of a high percentage of primitive 
leukocytes, there was enlaigement of the spleen 
to about 6 inches (15 cm ) below the left costal 
maigm Roentgen ray therapy caused a reduc- 
tion m the leukocytes and in the size of the spleen 
It is possible that the tw r o diseases may occui in 
the same patient as' a result of a constitutional 
predisposition of the hemopoietic system The 
author concludes, however, that the cause of the 
association of the tv r o diseases m the same pei- 
son is unknown but that the association probably 
is coincidental 

27 Woolley, P B Myelogenous Leukemia Com- 
plicating Pernicious Anemia, Lancet 1 85, 1944 
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MACROCYTIC ANEMIA RELATED TO 
PERNICIOUS ANEMIA 

Tvyo cases of deficiency anemia in infants ate 
1 eported by Bass, 28 1 of which was coi reeled by 
the use of liver extract and the other by hydio- 
lyzed casein It is emphasized by Bass that in 
the majonty of instances severe anemia in early 
infancy is due to a deficiency of iron but that an 
anemia may be due also to an inadequate supply 
of otliei substances concerned with the pioduc- 
tion of hemoglobin Bass states that the anemia 
has been described in some of the lepoils in the 
hteiature as macrocytic, resembling pernicious 
anemia in adults, and that in otliei s the condition 
is described as being sinnlai to a hypoclnomic 
anemia due to iron deficiency He reports 1 case 
of its occurrence in a 6 month old infant with a 
led blood cell count of 920,000 per cubic milli- 
meter and a hemoglobin content of 17 pei cent 
This anemia was refractory to iron hut responded 
to injections of liver extract with an increase in 
the reticulocytes to 16 per cent and a lapid 
return of the hemoglobin content and red blood 
cell count to normal The second case was that 
of a 5 month old infant who had a severe anemia 
which did not improve after long-continued tieat- 
ment with iron and frequent blood transfusions 
In this case, howevei, cuie was obtained by the 
administration of hydiolyzed casein Known to 
contain the essential amino acids It is of mtci est 
to note that anemia developed in this infant at 
a lime when goat’s milk had been substituted foi 
cow’s milk on account of an alleigy to the latter 
A full discussion of the anemia associated with 
the diet of goat’s milk is given 

It is pointed out by Davis 20 that pernicious 
anemia m the first two decades of life is an ex- 
tremely rare condition He cites leviews of the 
literature which include a suivey of 1,532 cases 
of pernicious anemia, with only 4 of the patients 
being under 20 yeais of age He doubts if any 
of the published cases of pernicious anemia in 
children have met the rigid diagnostic critena 
of that condition Nevertheless, he states that 
in a numbei of the cases the anemia was hypei- 
chromic and maciocytic and responded to hvei 
theiapy He consideis this evidence that the 
anemias were megaloblastic m nature Three 
cases of seveie megaloblastic anemia m childien 
12, 13 and 14 yeais old were lepoited The 

28 Bass, At II Deficiency Anemia in Infants 
Report of Two Cases with Associated Temporary De- 
ficiency of Antianemia Factor in One and Allergy and 
Abnormal Digestion of Protein m the Other, Am T 
Dis Child 67 341 (May) 1944 

,29 Davis, L J Macrocytic Anemia in Childien, 
Arch Dis Childhood 19 147, 1944 


evidence in all 3 cases against a diagnosis of 
tiue addisonian pernicious anemia is the failure 
to icspond typically to liver extiact therapy, the 
presence of fiee hydiochlonc acid m the gastric 
contents and the temporal y nature of the blood 
condition In conclusion Davis states that, al- 
though the blood and sternal marrow pictuies 
were typical of pernicious anemia, there was 
convincing evidence against the acceptance of this 
diagnosis In his opinion, the condition may 
have resulted fiom defective assimilation from 
the ahmenlaiy tract It is of interest that 2 of 
the 3 patients m these cases lesponded to pio- 
teolyzed liver administeied oially after it had 
been demonstrated that they weie refractory to 
pai enteral injections of livei extiact of known 
potency 

It is lepoited by Seelig and Hemming 30 that 
Indian soldiers on field service in whom malana 
developed w'eie commonly found to have seveie 
maci ocytic anemia The observations in 23 cases 
aie summarized They stated that the patients’ 
skins w r eie pale, with a lemon tint, and that the 
tongues w'eie smooth, atrophic and suggestive 
of Huntei ’s glossitis in pernicious anemia Stud- 
ies w r ere not made on the hydrochlonc acid con- 
tent of the gastric secietions The livers and 
spleens wane palpable in all patients but not 
gi eatly cnlai ged Lymph nodes wei e noi mal All 
patients came from a malarious aiea, and each 
had had fever with rigor withifi two or tlnee 
months of Ins admission to the hospital or had 
malanal parasites (malignant leilian oi benign 
tertian) in the blood when admitted Patients 
had had no antimalana treatment oi the ticat- 
ment was inadequate oi intei mittent Examina- 
tion of the blood showed severe megalocytic 
anemia, with consideiable amsocytosis and 
poikilocytosis, frequent punctate basoplula, small 
and large nucleated led cells and leukopenia All 
showed well defined hypochi omasia The seium 
bilnubin level did not exceed 1 mg pei bundled 
cubic centuneteis m any case The number of 
led cells aveiaged between 2,000,000 and 3,000,- 
000 although m some instances the anemia was 
111016 seveie One patient was reported as having j 
a red blood cell count of 560,000 pei cubic nulli- j 
metei The authois consideied that the anemia! 
was probably of a nuti ltlonal maci ocytic type j 
which was piecipilated by the inadequately 
treated malana Tieatment was cained out with' 

lion, livei and a full diet, and the results were j 




30 Seelig, S F , and Hemming, J R Megalocytic! 
Anaemia as a Sequel to Malana, Lancet 1 498, 1944 \ 
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Macrocytic anemia as it occurs in natives of 
New Guinea is reported on by Giblin 81 He 
states that his notes, which cover the twenty 
years from 1921 to 1941, were written from the 
point of view of a casual clinical worker and 
from memory The macrocytic anemia seen in 
natives of New Guinea is characterized by the 
following signs (1) relatively acute onset with 
pyrexia, which may last weeks or months, (2) 
rapid enlargement of the spleen, which is both 
painful and tender but diminishes in size during 
spontaneous remission, (3) blood picture of 
macrocytic anemia, (4) rapid loss of weight, and 
(5) spontaneous remissions and relapses He 
states that there is also a more chronic type of 
macrocytic anemia, in which the spleen is en- 
larged but not painful The anemia is of low 
grade, is compatible with reasonably good health 
and is amenable to liver therapy The course is 
nonfebrile For some unknown reason, the 
anemia may at times become more active Gibhn 
observed about 20 cases during the twenty years 
from 1921 to 1941 Most of the patients were 
young men In his opinion, malaria does not 
enter into the clinical picture as a cause, because 
most of the natives have acquired a full im- 
munity to this disease 

The general subject of anemia in pregnancy 
is discussed by Roberts 32 who states that three 
; main types are found physiologic anemia, iron 
deficiency anemia and pernicious anemia of preg- 
nancy He reports 2 cases of the last type He 
states that the macrocytic anemia induced by 
pregnancy is certainly not established as a sepa- 
rate entity According to him, few cases have 
been investigated with thorough hematologic 
; technic He states that it is said to differ from 
' addisoman pernicious anemia in that achlor- 
1 hydria is rare and spontaneous recovery usually 
occurs after parturition Changes in the cord are 
I not seen True pernicious anemia complicated 
by pregnancy is rare, because the age incidence 
is such either that patients have borne their 
children or that their fertility is so lowered by 
the anemia that they are incapable of bearing 
more He reports, however, the case of 1 patient 
who had a child when she was 22 years of .age 
Her symptoms of pernicious anemia began when 
i she was 33 years of age, and she conceived 
i again some four years after her blood count 
had returned to normal He states that judging 
1 by the dose of liver extract required to keep 

31 Giblin, W E Some Clinical Notes on Macro- 
cytic Anaemia in New Guinea Natives, M T Australia 
1 89, 1944 

32 Roberts, G F Pregnancy in Pernicious Anemia, 
St Barth Hosp J 48 53, 1944 


her m good health pregnancy did not seem 
to have affected her condition adversely A 
second patient with pernicious anemia had also 
some evidence of iron deficiency This patient 
had not conceived during the first eight years 
of her married life and did not do so until 
three years after her blood picture was first 
restored to normal Her labor was compli- 
cated also by mitral stenosis, but there was no 
evidence of cardiac failure As with the pre- 
vious patient, the dose of liver extract required to 
keep her m good health remained the same after 
pregnancy 

The occurrence of severe megalocytic anemia 
m a 20 year old male vegetarian is reported by 
Cook S2a The patient’s diet was adequate in 
calories, as indicated by his state of general good 
nutrition, but was obviously deficient in animal 
protein The hemoglobin content was 35 per 
cent, the red blood cell count 1,400,000 per cubic 
millimeter and the white blood cell count 10,600 
per cubic millimeter The mead diameter of the 
erythrocytes was 8 2 microns Hydrochloric 
acid was absent in the gastric secretions after 
injection of histamine during the stage of severe 
anemia but later appeared There was a striking 
response to the injection of liver extract 

A fatal case of achrestic anemia in a 56 year old 
woman studied at necropsy is reported by 
Huse 32b The diagnosis was based on the finding 
of a macrocytic anemia which failed to respond to 
effitient anti-pernicious-anemia medication and a 
megaloblastic hyperplasia of the bone marrow 
Achlorhydria was present, which was attributed 
to an associated chronic gastritis No attempt 
was made to test for the presence or absence of 
the antianemic principle m the liver, but the 
author considered that sufficient evidence was 
present without this information to substantiate 
the diagnosis of achrestic anemia 

Treatment, Including Pernicious Anemia — 
A comprehensive article on the treatment of the 
chronic anemias by Rezmkoff ss may be read with 
profit by any one coming m contact with patients 
who have anemia Reference will be made to the 
treatment of the macrocytic anemias only He 
warns that to treat anemia with “shot gun” 
therapy is usually uneconomical and often re- 
sults m failure Iron should be given only for 
iron deficiency states, liver therapy for macrocytic 

32a Cooke, R T Megalocytic Anaemia in a Young 
Vegetarian, Brit M J 1 558, 1944 

32b Huse, A A Achrestic Anaemia with Achlor- 
hydria, Brit M J 1 184, 1944 

33 Rezmkoff, P Treatment of the Chronic Anemias, 
M Clm North America 28 368, 1944 
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anemia and transfusions to treat anoxia and as 
a palliative measure According to this author, 
with whom we agree, unless a patient has a 
macrocytic anemia or one entirely or in part due 
to a lack of intrinsic or extrinsic factor, there is 
no justification for the use of liver extract Fur- 
thermore, if there is no reticulocyte response in 
five to ten days or a conspicuous rise in the num- 
ber of red blood cells within two or three weeks 
after the beginning of therapy, the continued use 
of liver therapy is not indicated We are in 
agreement with his emphatic statement that the 
intramuscular injection of liver extract is the 
route of choice for administration and that only 
for a rare patient who is sensitive to parenteral 
treatment should oral therapy be consideied 
He recommends that the average patient with 
pernicious anemia receive 15 to 30 U S P units 
of an accepted liver extract intramuscularly daily 
until the reticulocyte peak is reached — that is, 

’ for a week to ten days After this, the frequency 
of the injections may be decreased to three times 
' a week until the red blood cell count reaches 
4,000,000 per cubic millimeter He agrees that 
the maintenance dose varies rather widely , some 
patients may need only 15 units a month and a 
few need as much as 15 units a week Infec- 
tions, neurologic signs and symptoms and pos- 
sibly arteriosclerosis may alter the amount of the 
maintenance dose He warns that a patient who 
► has paresthesia, diminished vibratory sense and 
other signs of neurologic involvement should 
receive more therapy than a subject free from 
these He also advises that such patients should 
take large amounts of vitamin B for their 
peripheral neuritis 

Sippe 34 treated a large number of patients 
with nutritional macrocytic anemia whom he 
encountered in Mauritius This condition was 
particularly common in members of the com- 
munity who did not include beef flesh m their 
k- diet for religious reasons The anemia occurred 
m both sexes and was most prevalent during the 
second and third decades It was especially apt 
to appear in the latter half of pregnancy In 
patients who also had malaria and splenomegaly, 
the disease was probably aggravated by the ex- 
cessive destruction of normal and abnormal 
erythrocytes by the hypertrophied reticuloendo- 
thelial system A number of patients with nu- 
tritional macrocytic anemia were successfully 
treated with yeast obtained locally as a waste 
product in the manufacture of alcohol by the 

34 Sippe, G R Autoiyzed Yeast ra the Treatment 
of Nutritional Macrocytic Anemia, Brit M J 1 656 
' 1944 


fermentation of molasses The potency of the 
material obtained from the distilling vats was 
due to the presence of autoiyzed yeast, which 
contains one or more factors necessary for the 
normal maturation of red blood cells and in 
whose absence an anemia of the macrocytic type 
develops 

A scholarly discussion of the etiologic factors 
i esponsible for the production of pernicious ane- 
mia and of the bearing which spontaneous remis- 
sions may have on this subject is given by Bloom- 
field 35 He contends that a study of the spontane- 
ous remissions and other data which he presents 
supports the toxic hemolysis theory of pernicious 
anemia rather than the concept of deficiency of 
material necessary for the maturation of red 
blood cells Evidence is cited to indicate that 
true spontaneous remissions actually occur and 
that they are not the result of inadvertent inges- 
tion of antianemia materials Furthermore, he 
contends that spontaneous remissions are not 
readily explained on the deficiency theory but are 
compatible with the theory of intei mittent action 
of a toxic substance He shows that transfused 
blood disappears during a relapse, whereas it is 
“held” during remission Furthermore, he em- 
phasizes that there are variations m the main- 
tenance dose of effective antianemia material 
from time to time in the same patients and that 
they are difficult to explain on the basis of de- 
ficiency but are compatible with the toxic hemol- 
ysis theory He also points out the interesting 
fact that many elderly people have a deficient 
gastric secretion and presumably an inadequate 
supply of Castle’s intrinsic factor, yet they fail 
to acquire pernicious anemia Fuithermore, he 
points out that total gastrectomy is certainly not 
always followed by the development of pernicious 
anemia as one would anticipate if Castle’s theory 
were entirely correct Certainly his arguments 
are thought provoking and merit careful consid- 
eration by all persons interested m the disease 

Myers 30 summarizes his experience m dealing 
with 85 cases of pernicious anemia and discusses 
various diagnostic and therapeutic problems He 
emphasizes that m 6 per cent of his patients with 
pernicious anemia carcinoma of the stomach de- 
veloped and states that one might anticipate a 
much higher percentage since both conditions 
begin with gastric atrophy He mentions, among 
other things, that gallbladder disease is not un- 
commonly associated with pernicious anemia, 

35 Bloomfield, A L The Spontaneous Remission 
of Pernicious Anemia Its Bearing on the Nature of 
the Disease, Stanford M Bull 2 5, 1944 

36 Myers, F Vagaries in Diagnosis and Treat- 
ment of Pernicious Anemia, Ohio M J 40 635, 1944. 
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but one wonders whethei there is an etiologic 
1 elation It is stated that 4 of Ins patients had 
myxedema and that a combination of desiccated 
thyroid and anti-pernicious-anemia medication 
is required to bring these patients to normal In- 
trigued by the occurrence of pernicious anemia in 
a husband and wife, he asks the question “Is 
pernicious anemia a dietetic or a mautal fail- 
ure ?” It is his opinion that oral therapy is not as 
effective as parenteral and should never be rec- 
ommended for patients with neurologic symp- 
toms He concludes that 84 per cent of his 
patients were impioved with treatment, 2 pei cent 
were ummpi oved and 14 per cent died Changes 
m the spinal cord still present the greatest prob- 
lem in the treatment of this disease, and the 
response to intensive therapy is still fai from 
satisfactoiy According to him, vitamin B com- 
plex and nicotinic acid aie of doubtful value 
Impoitant studies relating to the incidence 
and causes of relapses m pernicious anemia have 
been made by Schwartz and Legeie 37 Then 
leport is based on the observations on 54 patients 
with 88 individual self-induced relapses brought 
about by discontinuance of anti-pernicious-anemia 
therapy, either immediately aftei release fiom 
the hospital oi months or even years after a 
satisfactory maintenance dose had been estab- 
lished All their patients were from an economic 
level below average and dependent m part foi 
subsistence on various forms of financial aid For 
the most pait, their diets were suboptimal in 
animal proteins, vitamin B factors and vitamin C 
It is obvious, therefore, that these observers 
were dealing with a type of patient who was 
most likely to have a relapse when therapy was 
inadequate The patients who discontinued ther- 
apy leturned in a state of relapse at intervals 
•varying from two to thirty-eight months About 
one third of them had relapses dunng the first six 
months, approximately another third in the next 
six months, about 24 per cent in the second 
year, 5 per cent in the third year and 1 per cent 
later They were unable to correlate such fac- 
tors as sex, age, lace, total amount of liver admin- 
istered duration of treatment before discontinu- 
ance and average monthly dose with the “i elapse 
period ” Patients with pernicious anemia who 
requue lelatively small amounts of liver ex- 
tract to maintain a normal blood level may 
hate i elapses m as 'short a time as two months 
after the therapy is omitted Studies dealing 
with the “depot method” of administration of 
large amounts of liver extract at one time indicate 

37 Schv artz, S O , and Legere, H Relapses in 
. Pernicious Anemia, J A At A 124 637 (Atarch 4) 
1944 


that there is some stoiage of the livei principle 
when massive quantities are given, but this is 
not a quantitative storage It is the opinion oi 
these observers that the factor of relapse is a 
highly singular phenomenon which is remark- 
ably inconstant, even m the same patient They 
believe the “individual relapse period” is prob- 
ably intimately linked with the quantitative secre- 
tion of the “intrinsic factor,” the quantity oi 
“extrinsic factor” and of other essential dietary 
factors and the storage of the “anti-pernicious- 
anenna principle” m the liver This analysis 
probably does not tell the entire story, since there 
is no correlation between the “relapse time” anc 
the average amount of liver necessary for main- 
tenance It is suggested that a cyclic change 
may take place m the glands of the stomach which 
secrete the intrinsic factor and that such changes 
may account for the variability of the relapses 
and of the individual liver requirements fron- 
tline to time They conclude that previous studies 
which have attempted to evaluate massive dost 
therapy and the storage of liver extract are inac- 
curate because sufficient cognizance is not taker 
of the highly individualized behavior of patients 
with pernicious anemia during remissions 

A summary concerning 80 living patients with 
pernicious anemia who have been under treat- 
ment for variable periods is presented by Hard- 
grove, Yunck, Zotter and Murphy 38 There was 
a possible family history of anemia for 12 5 pei 
cent of the patients The majority of their pa- 
tients, approximately two thuds, were derived 
from German, Polish and Irish stock, and 1 was 
a Negro woman It is of interest to note that lr 
14 pei cent of the patients the hair became dail 
after treatment The correct diagnosis of per- 
nicious anemia was made during the first yeai 
of illness for only 36 25 per cent For 53 71 
pei cent the diagnosis was not made by the firsl 
physician consulted, and for 86 per cent it was 
not adequately established until hospitalization 
As is true m most groups of patients with per- 
nicious anemia, the most common initial symp- 
toms were weakness and fatigue Sore tongue 
occurred at the onset m 56 per cent, paresthesias 
m 71 per cent, disturbance m the gait m 41 per 
cent, disturbance of the bladdei m 42 5 per cent 
and gastrointestinal complaints in 82 5 pei cent 
Heait disease of a degenerative type was piesent 
in 33 7 per cent Satisfactory maintenance oi 
the red blood cell count and body weight tvere ob- 
tained m 66 pei cent of the patients by one m- 

38 Hardgrove, Af , Yunck, R , Zotter, H , and 
Alurphy, F Summary of Eighty Living Cases of Per- 
nicious Anemia, Ann Int Aled 20 806, 1944 
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f a» Iivpi pxtiact (15 units) cytic anemia of piegnancy might be bettei than 
ot ciude hvei e UlS^ ^1 ^ alone In tieatment o{ tropical maciocytic 

anemia in nonnresfnant patients, cholesterol sup- 


jection of 3 cc 
every four weeks and m 
e V eiy thiee weeks Foi individual patients more 
Sequent injections were required Allergic reac- 
tions to hvei exti act were prominent m this 
senes, as they were reported to occui in 2/ 5 
pei cent of the patients and m 5 compelled a 
change to oial theiapy As is usual foi patients 
leceivmg tieatment foi pernicious anenna, some 
had i elapses Nineteen patients m this gioup 
discontinued treatment foi penods of three 
months to five years, but all subsequently re- 
sumed it The tune elapsing befoie seveie i elapse 
occurred vaned greatly foi diffeient patients 
The noimal seiuni level of cholesterol was 
determined by Nayai / 1!l as was the level of the 
cholesterol in anemia and also the effect of 
cholesterol theiapy in vanous types of anemia 
He found the blood level of cholesteiol in In- 
dians to be lower than that m Euiopeans, as 
indicated by a maximum of 152, a minimum of 
100 and a mean of 126 mg pei hundred cubic 
centimeters m nonpregnant natives of India In 
piegnant women of India the maximum blood 
level of cholesterol is given as 247, the minimum 
as 112 and the mean as 179 5 mg He observed 
that the blood cholesterol level is low in persons 
suffering fiom any type of anemia, inespective 
of the \anety In some instances the blood 
cholesteiol is reported to be as low as 66, 58 or 
25' mg pei hundred cubic centimeters In 1 
instance it was 20 mg These observations seem 
to be unbelievably low It was not thought /that 
the blood cholesterol level luns parallel with the 
led blood cell count or the hemoglobin concen- 
tiation of the blood Fuithennore, he concludes 
that infections, bactenal, protozoal and helmin- 
thic, seem to lowei still fuithei the blood choles- 
terol level of anemic persons The effect of 
cholesterol theiapy on anemia is discussed The 
patients were given intramuscular injections of 
5 pei cent solution of cholesterol m olive oil, 2 
cc daily oi on alternate days Various types of 
anemia weie tieated, but 40 patients out of the 51 
studied piesented a macrocytic hypeichionuc 
blood pictuie, 5 weie orthochiomic and noimo- 
cytic, and the lemainmg 6 were hypochromic 
and nnciocytic Of the 45 patients with macro- 
cytic hypeiclnomic and noimocytic oithochio- 
nnc anemia, 41 weie pregnant and 4 were non- 
pi egnant He concluded that cholesteiol did not 
take the place of hvei m the treatment of patients 
with tropical macrocytic anemia but that the 
combination of cholesteiol with hvei theiapy in 
tieatment of the seveiely ill patients with macio- 

39 Nayar, S Cholesterol and Anaemia, Indian M 
Gar 77 459, 1942 


plements the hemopoietic action of iron to a cei- 
tam extent, but even in such cases improvement 
is much more rapid with liver therapy He states 
that the blood cholesteiol level is low in all 
cases of severe anemia, irrespective of pregnancy 
Young and Bett 40 emphasize correctly the 
fact that a laboiatoiy method for the deteimma- 
tion of potency of liver extracts intended for the 
tieatment of patients with pernicious anemia 
would be of great value They leview the 
method leported by Overbeek and his associates, 41 
m which explants of bone marrow fiom normal 
guinea pigs aie cultuied in a solid medium of 
saline solution and heparinized plasma In this 
medium, cells, which are chiefly leukocytes, mi- 
giate fiom the explants to form a reasonably 
clearcut zone of migration According to them, 
the addition of an active hvei extiact is said to 
stimulate the migiation A modification of this 
method has been utilized by Young and Bett 
They lepoit then conclusions as follows They 
aie unable to confirm repoits of a quantitative 
or qualitative relation between the occurrence of 
“a peak” in migiation of cells from normal 
guinea pig bone maiiow grown m the medium 
mentioned Accoidmg to them, peak migration 
does not take place consistently at any dilution 
from 1 100 to 1 300,000 of extracts of known 
anti-pei nicions-anemia activity but occurs lr- 
legularly whethei or not hvei extiact is present 
Fuithermore, they conclude that little if any 
added stimulation by punfied extract occurs 
Theie is no difference, therefore, which is suf- 
ficiently definite and which can be used as a 
basis of any methods of assay 

AccordmgHo Davis and Allmson, 42 pievious 
studies have shown that expemnental poly- 
cythemia may be pi oduced m dogs by the feeding 
of law livei oi by the injection of purified solu- 
tion of liver and by the feeding of choline hydro- 
chloride The authois undertook an mvestiga- 

40 Young, C M, and Bett, H D Bone Mariow 
Procedure for Assay of Liver Extracts for Anti-Per- 
nicious Anemia Activity, J Pharmacol & Exper 
Therap 81 248, 1944 

41 Overbeek, G A , Gaillard, P J , and dejongh, 
S E Ein qualitatives und quantitatives Testverfahren 
fur die Wirkung antianamischer Leberextrakte in vitro, 
Schweiz med Wchnschr 68 711, 1938 Gaillard, P J ’ 
Overbeek, G A, and Yam, T H Action of Anti- 
anemic Preparations on Bone Marrow in Vitro, Arch 
internat de pharmacodyn et de therap 64 33, 1940 

42 Davis, J E, and Allmson, M J C The Pres- 
ence of a Choline-Like Substance in Seveial Injectable 
Solutions of Liver, Proc Soc Exper Biol & Med 54 
266, 1943 



252 


ARCHIVES OF INTERNAL MEDICINE 


tion for the purpose of determining whether 
highly purified solutions of liver extract for 
parenteral use contain any choline or choline-like 
activity After studying six injectable liver 
extracts, they concluded that each one contained 
choline or cholme-hke substances which on 
acetylation produced vasodepressor activity 
which was antagonized by atropine 

Sensitivity to Live) Ext) act — A matter of in- 
creasing importance to all physicians who admin- 
ister anti-pernicious-anemia medication is the 
occasional occurrence of various “reactions” to 
this type of treatment The most comprehensive 
review dealing with this subject is one written by 
Kaniman, Farmer arA Revth 43 They record 
that since 1931 there have been thirty- five ar- 
ticles dealing with this subject, in which a total 
of 50 patients are reported as having experi- 
enced reactions from liver extract by injec- 
tion In addition, they report on 11 patients, 
4 of which were seen personally by them and 7 
whose detailed histones were provided by other 
physicians While reactions to various types of 
anti-pernicious-anemia medication are not com- 
mon, nevertheless they are observed in every 
large hematologic clinic and are likely to occur 
in the experience of all physicians who give liver 
extract intramuscularly There have been a few 
reports of allergic reactions from the oral in- 
gestion of liver, either raw or cooked, or of 
liver extract, but reactions most commonly occur 
when the medication is given intramuscularly It 
may follow the use of almost every type of liver 
extract, including the European preparations It 
is also known that when patients experience a 
reaction from one brand they are likely to have 
the same untoward effect from other prepara- 
tions To a certain extent, the amount of extract 
injected is of importance, but this is not always 
true It is known that a reaction may occur 
locally after a test dose with as minute an amount 
as 0 1 cc of a 1 1,000 dilution mtracutaneously 
On the other hand, it has been observed that a 
patient may have a reaction when 1 cc of 
Reticulogen (liver extract with added thiamine 
hydrochloride) is given subcutaneously, whereas 
this effect did not follow the injection of 0 5 cc 
given in the same manner Reactions most com- 
t monly occur after the product has been well toler- 
ated for weeks, months or even years, especially 
t after a long interval between the injections The 
authors recognize the remarkable and unex- 
plained fact that although the patient may have 

! i 

43 Kaufman, R E., Farmer, L, and Reich, C 
Allergic Reactions to Liver Extract, Ann lilt Med 
19 768, 1943 


the initial reaction after numerous injections it 
may disappear for no apparent reason and never 
occur again despite a continuation of the same 
type of medication The suggestion is made that 
these reactions may be due occasionally to in- 
advertent intravenous injections Sensitivity to 
liver extract may persist for a long period, even 
up to eight years, as in 1 patient The authors 
state that of the 61 patients with reactions to liver 
extract reported on m the literature only 6 
were known to have definite evidence of allergy , 
13 showed no other allergic manifestations, and 
concerning the remainder no statement was 
made The clinical manifestations of the reactions 
to liver extract are exceedingly diverse The 
most frequently encountered is either urticaria 
alone or in association with other allergic symp- 
toms, such as pam, edema, erythema and itching 
On the other hand, the reactions may be as 
severe as angioneurotic edema evidenced by the 
characteristic features of asthma In some in- 
stances the manifestations of typical anaphylactic 
shock appear, such as weakness, a rapid and 
weak pulse, vomiting, dyspnea and a pronounced 
fall in blood pressure The authors state that 
almost the whole gamut of allergic manifestations 
have been described They report that no fatali- 
ties have occurred, although we can state that in 
some cases the symptoms are so severe as to sug- 
gest the possibility of an imminent fatality and 1 
fatal case has been observed in England 44 Of 
interest are the results of the mtracutaneous tests 
performed with various brands of liver extract 
which are reported in the literature The total 
number of patients who have had allergic reac- 
tions from liver extract who were subsequently 
tested mtracutaneously number 26, of whom 24 
showed positive results of cutaneous tests Of 
11 patients studied by Kaufman and his asso- 
ciates, 8 showed positive reactions It is generally 
agreed that in a large majority the reactions 
following the oral or parenteral administra- 
tion of liver extract are undoubtedly related 
to allergy This opinion is supported by the 
clinical picture, the positive results of mtra- 
dermal tests and the occasionally reported pres- 
ence of reagms and precipitms It is of interest 
to note that if the patients are allergic to some 
substance m the liver extract it is through sensi- 
tivity to the organ and not to the species of 
arumal For example, tf a patient reacts, to beet 
liver, it is likely that swine or sheep liver will 
produce the same effect It seems reasonable to 
assume, therefore, that the sensitivity is to some 

44 Morgans, C C Intolerance to Liver Extract in 
Pernicious Anemia, Brit M J 1 613, 1943 , Sensitivity 
to Liver, Letters and Answers, ibid 2 29, 1943 
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substance m liver, irrespective of 'its biologic 
source The immediate symptomatic treatment 
of allergic reactions to liver extract consists of the 
injection of epinephrine hydrochlonde (1 1,000) 
in a dose of 0 3 to 0 5 cc subcutaneously If 
theie is a local leaction, it should be treated with 
calamine lotion containing phenol The simplest 
way to avoid reactions is to discontinue the 
parenteral use of liver extract and to give the 
patient oral anti-pernicious-anemia medication, 
consisting of either liver extract or powdered 
stomach Although changing to oral prepaiations 
may be of value in avoiding reactions, it is 
generally agreed that this method of therapy is 
less efficacious than is the mti amuscular It has 
been recommended by Taylor and Higler 45 
that histaminase may be used They assert that 
results of mtiadeimal tests with liver extract 
following the use of this preparation are definitely 
less pronounced There is no conclusive proof, 
however, to indicate that the clinical reactions 
are reduced, and it does not seem feasible to ad- 
minister histaminase constantly throughout the 
lemainder of the period m which the patient is 
to take liver extracts, especially if he has per- 
nicious anemia It is suggested by Kaufman and 
his associates that a more feasible therapeutic 
agent foi patients who react frequently might be 
histamine m gradually increasing doses They 
also recommend that desensitization with gradu- 
ally increasing doses of liver extract is an excel- 
lent method for use in treating those patients 
who react regularly They suggest that the 
initial treatment be the subcutaneous injection of 
0 1 cc of a 1 10 dilutibn, the dose being in- 
creased by about 0 2 cc every second or third 
day for about three weeks until the patient is 
leceivmg the full therapeutic dose, such as 
Lederle’s liver extract, 3 cc , or Reticulogen, 0 5 
to 1 cc In their opinion it is important to keep 
this type of patient “desensitized” by adminis- 
tering the extract in small quantities at more 
frequent intervals than is customary, at least once 
a week When giving liver parenterally to such 
patients one should have epinephrine hydro- 
chloride and a sterile syringe and needle at 
hand for emergency use They also concede that 
although the patients may improve, as indicated 
by a decreased frequency of their reactions, one 
must take into account the spontaneous loss of 
sensitivity which occasionally occurs m these 
patients 

45 Taylor, C B , and Higler, D W The Use of 
Histaminase by Mouth m Preventing Systemic Reac- 
tions to Parenteral Liver Extract, JAMA 117 - 
1880 (Nov 29) 1941 


It is stated by McSorley and Davidson 46 that 
of 16 patients with pernicious anemia admitted 
consecutively to their wards during the past five 
years, in 4, or 6 6 per cent, reactions subse- 
quently developed after one to three years of 
maintenance by intramuscular liver extract 
theiapy Reactions are classified into two groups, 
namely, primary and secondary The primary 
leactions they considei as not due to an ac- 
quired sensitivity but to an immediate response 
of the body to the parenteral injection of foreign 
material These are more likely to occur when 
the prepaiation is given intramuscularly Secon- 
dary leactions to oial, intravenous and mtra- 
musculai liver theiapy have been described, and 
McSorley and Davidson believe they are un- 
doubtedly of an alleigic nature They recognize 
that if a patient is sensitive to one brand of liver 
extract sensitivity to othei products is also like- 
ly and hence the sensitivity is related to liver 
blather than to any species, as other investigators 
have thought Although they appreciate the 
limitations of cutaneous reactions m relation to 
sensitivity to liver extract, they suggest that it is 
worth while to peiform cutaneous tests, since it 
is found that in the majority of cases the degree 
of cutaneous reaction bears some relation to the 
severity of the general sensitization and of the 
leactions which result 

For the patients with mild reactions they 
believe it is permissible to attempt to control 
the reactions by injecting 3 minims (0 18 cc ) 
of a 1 1,000 solution of epmeplnme hydro- 
chloride concurrently with the liver preparation 
For othei patients who have mild leactions they 
state that good results may be obtained by reduc- 
ing the quantity of the injection to one half or 
one fourth of the dose which produced the reac- 
tion and decreasing the periods between injec- 
tions by a quarter or a half In the treatment 
of the patients with severe reactions, however, 
it is recommended that the parenteral adminis- 
tration of liver be replaced by oral ingestion of 
whole liver extract or of preparations of stomach 
or that desensitization be carried out The latter 
procedure is recommended as cheaper and more j 
effective than oral therapy They warn, however, > 
that desensitization is a potentially dangerous , 
procedure unless carried out under strict super- * 
vision by some one familiar with the dangers of . 
anaphylactic l eactions They refer to the 1 fatality . 
following an allergic reaction to liver therapy, 
which was reported by Morgans 44 m the British | 
Medical J ournal in 1943 Using the technic i 
which they describe m detail, they were able to I 

46 McSorley, J G , and Davidson, L S P Sensi- ! 
tivity to Liver Extract, Brit M J 1 714, 1944 
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desensitize successfully 15 patients who had 
previously experienced severe reactions 

It is stated by Engelhaidt and Derbes 47 that 
reactions to the intramuscular injections of liver 
extract are not so lare as is generally thought, 
for they have observed several instances m a 
relatively short period Various types of reac- 
tions are discussed, and the classification of 
Tausk 48 is consideied He divided the reactions 
into three categories (1) erythematous reac- 
tions, (2) those ascociated with a fall m blood 
pressure oi histamine-like leactions and (3) 
truly allergic reactions In addition, they describe 
local reactions to liver extiact The authors ob- 
served a histamine-like reaction characterized 
by a fall m blood pressure associated with nausea 
which persists for half an hour or moie The 
patient in whom this reaction occurred had no 
subsequent untoward effects from liver extract 
by injection They describe truly allergic reac- 
tions as being of the local type with erythema and, 

47 Engelhardt, H T , and Derbes, V J Allergy 
to Liver Extract, South M J 37 31, 1944 

48 Tausk, N Bireacties na insulting van Lever- 
extracten, Nederl tijdscher v geneesk 80 749, 1936 


edema, and'a seveie generalized alleigic reaction 
as being characterized by difficulty m bieatlnng, 
tachycaidia and loss of consciousness They sug- 
gest that an ampule of epinephrine should be 
available and that the drug should be given m 
doses of 0 3 to 0 5 cc if necessary and that the 
local type of allergic reaction may be avoided by 
alternating the site of the injection just as one 
does with insulin The statement that a substitu- 
tion of one commercial product for another brand 
will often result in conti ol of the untow ard symp- 
toms is not m accord with our experience or with 
that of othei investigators who have noted reac- 
tions to livei extract Their opinion that desen- 
sitization may be attempted but is geneially un- 
successful also is not m agreement with our ex- 
perience and with that of others with legard to 
methods of controlling reactions to In ei extract 
They consider that many patients maj tolerate 
oral liver extract therapy well whereas they are 
sensitive to the preparations for intramuscular 
injection, and such is the experience of most 
observers They also recognize that a change in 
the animal source of the liver is not apt to solve 
the problem, since the allergic reaction is to the 
livei and not to the animal 


(To be Continued ) 
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Arterial Hypertension Its Diagnosis and Treat- 
ment By Irvine H Page, MD, and Arthur 
Curtis Corcoran, M D Price, $3 75 Pp 352, with 
14 figures Chicago The Year Book Publishers, 
Inc, 1945 

Of the several books recently published on arterial 
hypertension, this one best fulfils the requirements of 
a general practitioner A comprehensive study of 
arterial hypertension is presented with a minimum of 
theoretic detail In their approach to the problem, the 
authors aim to study the patient as a whole, rather than 
to concentrate on hypertension by itself They develop 
this idea in a manner which shows that they understand 
hypertension, the natural history of the disease, the 
intricate mechanisms involved and the psychic as well 
as the somatic reactions of the patient 
The book is divided into five sections Sections 1 
and II take up the definition and classification of 
hypertension and some phases of the examination of 
the patient Sections III and IV include studies of the 
circulation, particularly the renal and the coronary cir- 
culation, and a clinical study of the heart and the kid- 
neys in essential hypertension Treatment, including 
therapy with drugs, treatment with endocrine substances 
and surgical intervention, are considered m section V 
The appendix consists of a classification and a study 
of toxemias of pregnancy 

The authors' concept of the pathogenesis of hyper- 
tension is based on the theory that there is an early 
functional or emotional type of hypertension, in which 
the circulatory system is well adjusted and evidences 
of cardiac, renal or cerebral disorders are lacking The 
only renal change seems to be a constriction of the 
afferent arterioles “This may be called the 
neurogenic type of hypertension Later in the 

course of the disease, another stage develops, in which 
evidences of vascular disease of the kidney, of the heart 
and of the arteries become evident ” In this phase, the 
clinical picture is typical of essential hypertension A 
transitional stage is also described 

Regarding the nature of the early vascular changes 
in essential hypertension, they believe the earliest one 
consists of conversion of the renal blood flow from a 
pulsatile to a continuous type of flow, resulting in the 
liberation of an enzymatic protein, renin This, in 
turn, is responsible for the vasoconstriction of essential 
hypertension 

The proper approach to the diagnosis is taken up in 
a clear and simple manner Special tests of renal 
function are briefly described, but the most useful ones 
are taken up in much greater detail The tests recom- 
mended as most practical are (1) measurement of 
protemuna, (2) counts of the urinary sediment, (3) 
determination of urinary concentrating power and (4) 
determination of urea clearance 
A study of congestive heart failure, its cause, its 
course and its treatment, is excellently presented and 
is one of the highlights of the book 
In the discussion of treatment, thiocyanate is given 
first place Kidney extract and vitamin A are discussed 
f Treatment by surgical measures is considered, and the 
effects of nephrectomy on hypertensive persons is given 
particular notice 


The book is written in a characteristic and easy style 
Altogether, it is an interesting as well as a useful and 
authoritative monograph on the subject of artenal 
hypertension 

Penicillin, and Other Antibiotic Agents By 

Wallace E Herrell, M D Price, $5 Pp 348, with 

45 illustrations Philadelphia W B Saunders 

Company, 1945 

With a new and rapidly moving subject, it is always 
a question at what point one is justified in summanzmg 
current knowledge irv book form Dr Herrell s mono- 
graph will always be a landmark m the history of anti- 
biotics, if for no other reason than for the excellent 
chapters dealing with the discovery and development of 
these substances, the analysis of the literature and the 
classification of priorities The general physician will 
perhaps be most interested in the discussions of technic 
of preparation and administration of penicillin and of 
the results of treatment in various conditions The 
material is extensive and well presented, although much 
will have to be revised in the light of future (and 
indeed current) work, especially the matter of time-dose 
relation The reviewer feels that the continuous intra- 
venous method of administration will, except in rare 
instances, be replaced by intermittent intramuscular in- 
jections or by some other more effective method It 
seems also that some of the doses recommended for 
severe sepsis are rather small Little is said about 
bacterial endocarditis, and that not too encouraging, 
although good results are being reported now with 
large doses of penicillin Finally, the discussion of 
syphilis will require much extension and amplification 
after more cases have been followed for a few years 
The book is admirably printed and illustrated, and the 
bibliographies are thorough The final chapters on 
antibiotics other than penicillin, such as tyrothricin, 
will be of great value m orienting the physician in a 
complicated subject 

Microbial Antagonisms and Antibiotic Substances 
By Selman A Waksman, Professor of Microbiology, 
Rutgers University, and Microbiologist, New Jersey 
Agricultural Experiment Station Price, S3 75 New 
York Commonwealth Fund, 1945 

Years of study and research in microbiology lesulting 
m an intimate understanding of the subject have pre- 
pared the author to write this opportune book Scien- 
tists have been aware of the interrelations of micro- 
organisms for many years, recently an awakening to 
the possibilities of the practical application of these 
antagonistic relations has decidedly accelerated interest 
and investigation The book describes and discusses 
the teeming microscopic plant and animal population 
of soil, water basins and human and animal wastes It 
treats of their complicated interrelations, especially the 
antagonistic, the mechanisms of these reactions and the 
antibiotic substances produced and the utilization of 
antagonistic micro-organisms in the control of disease 
m human beings, animals and plants Since more de- 
tailed studies have been made on the production, nature 
and utilization of penicillin, it is natural that special 
attention is focused on this agent, though the many 
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substances possessing bacteriostatic and fungistatic 
properties are given due consideration The author has 
successfully accomplished the difficult portrayal of a 
rapidly moving scene 

Trauma m Internal Diseases By Rudolf A Stern, 
M D , assistant attending physician, City Hospital, 
New York Price, $6 75 Pp xxiv + 575 New 
York Grune & Stratton, Inc , 1945 

This book has an interesting history There was 
printed in 1899 in Breslau a volume called “Ueber 
traumatische Entstehung innerer Krankheiten ” Its 
author was Dr Richard Stern, and it was a pioneer 
work in the field of traumatic medicine It achieved 
success , a second edition appeared in 1907 and a third 
edition in 1929 The third edition, however, was pretty 
much a new book under an old title, put together by 
Rudolf Stern, who was the son of the original author 
This book might be termed the first American edition 
of Dr Rudolf Stern’s book, or possibly the fourth 
edition of his father's, for it is clearly modeled on 
-the latest German edition, and much of it is a trans- 
lation By way of rejuvenation, certain new features 
have been added, and the bibliography has been brought 
up to date On the whole, it gives a readable account 
of the European viewpoint toward trauma in medicine 

Biological Symposia, Volume XI, Aging and 
Degenerative Diseases Edited by Robert A 
Moore Price, $3 Pp 242 Lancaster, Pa The 
Jacques Cattell Press, 1945 

This is the age of symposiums, conferences and panels, 
and, according to the preface, “This volume contains 
the papers presented at a symposium in St Louis, 
March 24th and 25th, 1944, under the joint sponsor- 
ship of the Research Unit of the St Louis City 
Infirmary and the Washington University School of 
‘Medicine ” 

The papers all deal with some phase of the process 
of aging, but they make no claim to a systematic cov- 
erage of the subject, nor do they show any particular 
correlation Some are reflective and semiphilosophic — 
meditations, if you will, de senectute, others report con- 
crete results of experimental work, such as the inter- 
esting contribution of Saxton on nutrition and growth 
and their influence on longevity in rats The volume 
is well printed and illustrated There is no index 

Military Medical Manuals — Manual of Clinical 
Mycology Prepared under the auspices of the 
Division of Medical Sciences of the National Re- 
search Council Flexible cloth Price, $3 50 Pp 
348, with 148 illustrations Philadelphia W B 
Saunders Company, 1944 

This book, like its predecessors, is a compact, read- 
able and authoritative work on a subject that is not 
too well known The subject is adequately dealt with 
from the bacteriologic, from the dermatologic and from 
the medical standpoint Even surgeons might read the 
"book with profit It is remarkable how much informa- 
tion concerning molds and yeasts has been packed into 
this small space There is a section dealing with the 


proper components of the various lotions, ointments and 
paints that may be prescribed in the treatment of these 
infections 

The book should be popular 

The Examination of Reflexes By Robert Warten- 
berg, M D Price, $2 50 Pp 222, with 6 dia- 
grams Chicago The Year Book Publishers, Inc, 
1945 

This concise little book lists and describes the meth- 
ods of eliciting the innumerable reflexes used in clinical 
practice, discusses their significance and critically re- 
views the literature The four hundred and sixty-five 
articles in the literature to which reference is made 
give an idea of the comprehensiveness of this mono- 
graph, which will be invaluable to the neurologist and 
the internist The author, because of his original work 
m the field, seems specially qualified to discuss the 
subject 

Poet Physicians, An Anthology of Medical 
Poetry Written by Physicians Compiled by 
Mary Lou McDonough Price, $5 Pp 210 Spring- 
field, 111 Charles C Thomas, Publisher, 1945 

In this anthology of medical poetry written by phy- 
sicians, some of the poems are good, some indifferent 
and some bad, but such variations in quality would 
be expected in any anthology The good poems out- 
number the poor, and some of the former have become 
almost classic in our poetic literature The poems are 
numerous It is surprising how prolific have been the 
doctors who are poets Adding to the -value of this 
anthology is a short sketch of the life of the authors 
whose poems are published and whose dates range from 
699 AD to the present time 


News and Comment 


GENERAL NEWS 

MISSISSIPPI VALLEY MEDICAL SOCIETY 

The Eleventh Annual Meeting of the Mississippi 
Valley Medical Society will be held Sept 25 to 27, 
1946, at the Hotel Jefferson, St Louis 

The Mississippi Valley Medical Society is resuming 
its annual Essay Contest and in 1946 will offer a cash 
prize of $100, a gold medal and a certificate of award 
for the best unpublished essay on any subject of general 
medical interest (including medical economics) and _ 
practical value to the general practitioner of medicine 
Certificates of merit may also be granted to the physi- 
cians whose essays are rated second and third best 
Contestants must be members of the American Medical 
Association and residents of the United States Con- 
tributions must not exceed 5,000 words, must be type- 
written in English in manuscript form, and five copies 
must be submitted not later than May 1, 1946 Further 
details may be secured from Harold Swanberg, M D , 
Secretary, Mississippi Valley Medical Society, 209-224 
W C U Building, Quincy, 111 




ACUTE MYOCARDITIS IN MUMPS (EPIDEMIC PAROTITIS) 

COMMANDER DAVID H ROSENBERG (MC), USNR 


Mumps (epidemic parotitis) is generally re- 
garded today as an acute systemic disease of virus 
origin, having a special predilection for the pa- 
rotid-glands Among the complications most 
familiar to the physician are acute oichitis, pan- 
creatitis, meningitis and meningoencephalitis 
Cardiac involvement has been considered rare 
and when observed has been described as either 
acute pericarditis or acute endocarditis That 
the virus of mumps may also produce myocarditis 
was originally suspected by Pujol 1 and by Bar- 
bato 2 from their clinical observations, but no 
satisfactory evidence to support their contention 
was presented Later, Manca 3 reported the his- 
tologic changes in an instance of acute interstitial 
fibrinous myocarditis which occurred m a fatal 
case of mumps He regarded this as a character- 
istic reaction to the mumps virus 

In January 1943, I had the unique opportunity 
of observing an instance of complete heart block 
hi a patient convalescing from epidemic parotitis 
From the electrocardiographic changes a diag- 
nosis of acute myocarditis was made, and, m the 
absence of any other etiologic agent, the disease 
was ascribed to the virus of mumps The fol- 
lowing report is a brief summary of the case 

Case 1 — A C S , a white sailor aged 20 years, was 
admitted to the hospital on Jan 18, 1943, complaining 
of pam m and swelling of the right side of the face for 
two days The past history was noncontributory 
Physical examination revealed swelling and tenderness 
of the right parotid gland, with inflammation of the 
orifice of Stensen’s duct No other abnormal conditions 
were observed 

The patient’s course was uneventful until the fifteenth 
day of illness, when he complained of constant retro- 
sternal pain and of dizziness on arising Examination 
at that time revealed no abnormalities save for a pulse 
rate of 35 per minute The temperature and the respira- 
tory rate were normal The blood pressure was 110 


This article has been released for publication by the 
Division of Publications of the Bureau of Medicine and 
Surgery of the United States Navy The opinions and 
views set forth m this article are those of the writer 
and are not to be considered as reflecting the policies 
of the Navy Department 

1 Pujol, M Oreillons et myocardite, Arch de 
med et pharm mil 69 527, 1918 

2 Barbato, M Un caso di parotite epidemica con 
comphcaziom viscerali multiple, ed esito letale, Riforma 
med 41 1109 (Nov 23) 1925 

3 Manca, C Miocardite da parotite epidemica, 
4rch ital di anat e istol pat 3 707 (July-Aug ) 1932 


systolic and 80 diastolic The electrocardiogram taken 
on the same day showed evidence of complete auriculo- 
ventricular dissociation (fig 1 A) The auricular rate 
was 104 and the ventricular rate 35 per minute The 
P waves were not fixed in the ventricular cycle, they 
were slightly notched in lead II and inverted in lead CFt 
The T waves were all upright The blood count was 
normal except for a leukocyte count of 12,800 per cubic 
millimeter 

The sedimentation rate was 22 mm in- one hour 
(Cutler method) Urinalysis showed nothing abnormal 
On the following day the ventricular rate was 62 per 
minute and the rhythm was irregular, with frequent 
dropped beats The electrocardiogram (fig 1 B) dis- 
closed second degree aunculoventncular block with the 
Wenckebach phenomenon and dropped beats The auric- 
ular rate was 70 and the ventricular rate 62 per minute 
The P-R interval ranged from 0 22 to 0 44 second The 
symptoms gradually subsided in three days, but a harsh 
systolic murmur became audible at the mitral area 
Eight days after the onset of the angina, the electro- 
cardiogram (fig 1 C) was within normal limits, the 
P-R interval being 0 16 second The P waves remained 
notched m lead II and tiny and inverted in lead CF< The 
sedimentation rate and the leukocyte count returned to 
normal The systolic murmur diminished in intensity, 
and at the time that patient was discharged from the 
hospital it was soft and heard only at the apex when 
the patient was in the recumbent position 

Early m 1944, another patient was obseived 
who during the course of mumps manifested 
electrocardiographic evidence of partial heart 
block which progressed to complete heart block 
and ultimately returned to normal Again, the 
diagnosis of acute myocarditis secondary to the 
virus of mumps was made Following is a 
lesume of this case 

Case 2 — J B B , a white sailor aged 20 years, was 
admitted to the hospital on Feb 21, 1944, complaining 
of pain in and swelling of the right side of the face for i 
two days The past history was noncontributory 
Physical examination revealed swelling and tenderness) 
of the right parotid gland No other abnormal findings' 
were elicited | 

His course was uneventful until the seventh day of 
illness, when palpitation and precordial pam developed 
Examination disclosed an apical rate of 28 per minute 
No other abnormalities were noted The temperature 
was 101 F (rectal) and the respiratory rate 16 per 
minute The blood pressure was 110 systolic and 52 
diastolic The electrocardiogram taken on the same 
day showed second degree aunculoventncular block 
(3 1), with only one out of three auricular impulse 5 
being conducted to the ventricles (fig 2 A) The auric' 
ular rate was 99 and the ventricular rate 33 per minute » 
The P waves were fixed in the ventricular cycle Th< 
P-R interval of the conducted sinus impulses was 0 2f 

257 



258 


ARCHIVES OF INTERNAL MEDICINE 



Fig 1 — Electrocardiograms taken on A C S (case 1) on the fifteenth ( A ), sixteenth ( B ) and twenty-secon 
(C) days of illness A shows the characteristic findings of complete auriculoventncular dissociation In B, ev 
dence of improvement is demonstrable in the finding of second degree auriculoventncular block with droppe 
beats and the Wenckebach phenomenon In C, the electrocardiogram has returned to normal (see text for details 



Fig 2 —Electrocardiograms taken on J B B (case 2) on the seventh (A), tenth (B), twenty-first (C) and 
i^~^ rS u (B) days of illness In A, the electrocardiogram discloses second degree auriculoventncular block 
(.o 1) with dropped beats The P-R interval of the conducted sinus impulses is 0 28 second In B, the block has 
1 ncr . eased to complete auriculoventncular dissociation C shows only first degree auriculoventncular block, with 
iro ongatton of the P-R interval to 0 23 second, indicating considerable improvement In D, the electrocardio- 
gram has reverted to normal (see text for details) 
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second The P waves were peaked in lead XX and small 
and inverted in lead CF, The T waves were tall, 
notched and varied m contour because of superimposed 
P waves The sedimentation rate was 33 mm in one 
hour The blood count was normal except for a leuko- 
cyte count of 11,400 per cubic millimeter Urinalysis 
revealed nothing abnormal Examination three days 
later revealed variations in the intensity and quality ot 
the heart tones, suggesting complete heart block The 
electrocardiogram on that day showed complete auric- 
uloventricular block, with an auricular rate of 91 and 
a ventricular rate of 52 per minute (fig 2 B ) There 
was no fixed relation between the P waves and the 
QRST complexes The P waves varied in contour 
(wandering pacemaker) The temperature remained 
elevated for five days, and palpitation continued for 
sixteen days The electrocardiogram taken on the 
fifteenth day of this complication (fig 2 C ) revealed 
only first degree auriculoventriclar block, with a P-R 
interval of 0 23 second (normal, 012 to 021 second) 
All auricular beats were conducted, and the auricular 
and ventricular rates were 68 per minute These electro- 
cardiographic abnormalities remained until the seventy- 
seventh day of the complication, when the electrocardio- 
gram was normal (fig 2 D) The patient was dis- 
charged from the hospital six weeks later feeling well 
At no time were any cardiac murmurs detectable 


Parkmson-White syndrome, currently believed 
to be a congenital anomaly , m another, the ab- 
normality was constant and could be attributed to 
a congenital deformity of the thoracic wall , in the 
third patient, there was a history of migiatory 
pains m the joints for four months prior to the 
onset of mumps and physical signs of mitral 
stenosis, thus indicating the likelihood of rheu- 
matic carditis These 3 cases have therefore been 
excluded from consideration 

An analysis of the electrocardiographic abnor- 
malities 5 m the group of 16 patients revealed the 
following facts 0 In 4 patients the P waves 
became diphasic or inverted m one or more leads 
(fig 3) Prolongation of the P-R interval was 
found m 2 instances i(fig 4). In 1 person, the 
QRS complex in CF 4 became inverted, and in 
another the voltage m the limb leads decreased 
Two patients showed significant elevation of the 
S-T segments in CF 4 , and m 1 of these the S-T 
segment was bowed upward In 1 subject, the 

*n-T cpcrmpnf hpratnp r1pnrPQc:prl hpvnnd normal 


A review of the literature revealed no refer- 
ences to any similar observations Hence, a 
study of the electrocardiographic findings in 
epidemic parotitis was undertaken as an approach 
to the determination of the incidence, course and 
prognostic significance of acute myocarditis due 
to the virus of mumps 


m leads II and III Changes m the T waves were 
observed m all the 16 patients, and in 2 of these 
they were noted m two or more leads (figs 4 
and 5) The T waves became tiny, diphasic or 
inverted, and by means of serial electrocardio- 
graphic studies the evolutionary stages in the de- 
velopment of T wave inversion could be demon- 
strated Alterations of the T wave occurred with 


MATERIAL AND METHODS 

Electrocardiographic tracings were taken on a consecu- 
tive series of 104 adults with mumps who were admitted 
to a large naval hospital during the height of an epi- 
demic early m 1944 All except 2 patients were men 
The ages ranged from 17 to 40 years, the average for the 
group being 21 years Standard limb leads and chest 
lead CFi were used in all cases For 46 of these 
patients, serial electrocardiograms were made at inter- 
vals of two to four days This study was correlated 
with determinations of the sedimentation rate (Cutler 
method) 4 and with blood counts In addition, a care- 
ful search was made for clinical evidence of cardiac 
involvement The patients showing electrocardiographic 
abnormalities were studied further to exclude the pos- 
sibility of coexistent etiologic factors 

RESULTS 

In 16 of the 104 patients studied, significant 
electrocardiographic evidence of myocardial in- 
volvement was found (15 4 per cent) In these 
no other concomitant disease or infection was 
recognizable Electrocardiographic abnormali- 
ties were observed in 3 other patients of this 
series, but in 1 of these the electrocardiographic 
changes were characteristic of the Wolff- 


essentially the same frequency in each of the four 
leads In 14 out of the 16 patients, more than 
one abnormality was found In the other 2, sig- 
nificant changes in the T wave were found m 
either lead I or lead II No specific electro- 
cardiographic pattern was recognizable m this 
study 

It is noteworthy that in all but 1 patient the 
electrocardiographic abnormalities were observed 
between the fifth and the tenth day of illness, 
and m the majority of these they were present 
on the eighth or the ninth day In the other sub- 
ject, an abnormal tracing was not found until 
the twentieth day of illness In 14 patients, 
the electrocardiographic changes returned to 
normal in two to thirty-five days In most of 
these instances, however, the curves were nor- 
mal m four to eight days In the remaining 2 
patients, although electrocardiographic evidence 
of progressive improvement was observed early 
m the course of this complication, minor residual ; 

5 Rosenberg, D H The Electrocardiographic , 
Changes in Epidemic Parotitis (Mumps), Proc Soc 
Exper Biol & Med 58 9 (Jan ) 1945 


6 Dr Louis N Katz, Director of Cardiovascular* 
4 Cutler, J A Graphic Presentation of Blood Sedi- Research, Michael Reese Hospital, Chicago, reviewed 
mentation Test A Study in Pulmonary Tuberculosis, the electrocardiographic tracings and concurred m the ,r 
Am J M Sc 171 882 (June) 1926 findings and their interpretation ' 
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Fig 3 —Electrocardiograms taken on R J P on the fifth (A), ninth (B) and thirteenth (C) days of illness, 
demonstrating changes in the P waves and the T waves In A, the electrocardiogram is normal In B, the P waves 
have become diphasic in lead II, and sharply inverted in lead III The T waves are of lower amplitude in leads I, 
II and III and are inverted in lead CF ( In C, the electrocardiogram is again normal 
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changes persisted foi three months and five 
months respectively, ultimately reverting to 

normal t , 

Precordial pain, eithei alone or with dyspnea 

and palpitation, developed m 4 of the 16 patients 
[n 1 of these, dull precordial pain appeared on the 
third day of illness and recurred for sixteen days 
A soft blowing systolic murmur became audible 
at the mitral area m all positions and persisted 
for two months Two days after the onset of 
precordial pain, the P waves were inverted m 
leads II and III, the S-T segment m lead CF 4 was 
elevated and the T waves m lead III were di- 
phasic Within thirty-five days the P and T 
deflections became upright and the S-T segment 


parotitis However, the electrocardiograms were 
abnormal on the seventh and ninth days of illness 
respectively In patient 47, the P-R intei val was 
prolonged and the T waves became inveited in 
leads I and II (fig 4) In patient 72, the T 
waves became tiny m lead I and inverted in leads 
II, III and CF 4 (fig 5) , a soft blowing systolic 
murmur was audible at the mitral area on the 
twenty -first day of illness and did not disappear 
until two months later When the electi ocardio- 
graphic changes in these 2 patients were corre- 
lated with the time of onset of the caidiac symp- 
toms, it was disclosed that normal electrocardio- 
graphic findings had been present foi only one to 
two weeks prior to the resumption of activity m 



Fig 5— Electrocardiograms taken on J T A (case 72) on the fifth (A), ninth (B), thirteenth (C) and thirty- 
second ( D ) days of illness, demonstrating changes in the T waves In A, the -electrocardiogram is essentially normal 
In B, the T waves have become tiny in lead I and inverted m leads II, III and CF* In C, the T waves are upright m 
leads II, III and CFi but are of low amplitude in leads I, II and III In D , the electrocardiogram is again normal 
except for low amplitude T waves in lead I 


uas noimal In another subject, constricting 
precoi dial pam i adiatmg to the left shoulder and 
aim was noted on the second day of illness It 
was accompanied with dyspnea and palpitation 
and lasted for nine days Seven days after the 
onset of these symptoms the T wave m lead I 
became diphasic and small and leturned to nor- 
mal four days later In the other 2 patients 
(cases 47 and 72) mild recurrent precoi dial pam, 
palpitation and fatigue developed three months 
and six weeks respectively after the onset of 


the waid Longer periods of rest and decreased 
activity were considered advisable and were fol- 
lowed by a gradual abatement of symptgms 
None of the other patients m this study revealed 
either subjective or objective evidence of any 
cardiac abnormality except for the aforemen- 
tioned patient with rheumatic mitral stenosis 
The sedimentation rate was elevated m only 5 
of the 16 patients, the maximum reading being 
22 mm m one hour A slight leukocytosis (11,- 
000 to 11,600 leukocytes pei cubic millimeter) 
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was found in 3 patients, and in another the leuko- 
cyte count was 14,000 per cubic millimeter In 
7 of the 16 patients acute orchitis developed It 
was in 4 of these patients that the leukocytosis 
appeared and m 3 the sedimentation rate was 
elevated 

COMMENT 

The electrocardiographic conditions observed 
m 16 of the 104 patients studied would seem to 
indicate that, contrary to the prevailing litera- 
ture, myocardial involvement is not a rare event 
during the course of epidemic parotitis in adults 
It should be emphasized that this study was con- 
ducted during the peak of an epidemic and that 
the incidence may be lower during the declining 
period or in sporadic cases, when the infection 
is less virulent Since the completion of this 
work, attention was directed to Wendkos and 
Noll’s 7 report of a case with prolonged P-R in- 
terval and T wave changes occurring among a 
group of 15 soldiers convalescing from mumps 
In their paper, there is no indication that serial 
electrocardiograms were taken for the 14 pa- 
tients with normal electrocardiograms or in what 
stage of recovery the electrocardiographic study 
was made 

Electrocardiographic evidence of myocardial 
involvement, when present, appears as a rule be- 
tween the fifth and tenth days of illness and m 
this respect is similar to acute orchitis and 
meningoencephalitis It is usually transitory m 
nature, lasting four to eight days in the majority 
of cases, although occasionally remaining for as 
long as three to five months In only 4 patients 
of this series and in the 2 isolated instances here- 
in recorded did cardiac symptoms become mani- 
fest, and in 3 of these a soft blowing systolic 
murmur appeared Inasmuch as these murmurs 
disappeared, they were considered as functional 
m origin, and no definite diagnostic significance 
could be attached to them The presence of a 
slow or irregular pulse was not necessarily indic- 
ative of myocardial involvement, for in a num- 
ber of such instances the electrocardiograms 
showed no deviations from normal It follows, 
therefore, that the recognition of this complica- 
tion resides chiefly, if not exclusively, in the 
results of an electrocardiographic study and that 
' m the majority of cases the cardiac lesion remains 
at a’subchmcal level No sequelae were observed 
1 m this group of patients, although convalescence 
was protracted in 2 instances Pujol, 1 however, 
^ reported 3 soldiers with dyspnea, palpitation, 
-’tachycardia and/or precordial pain following an 

m ^ Wendkos, M H, and Noll, J, Jr Myocarditrs 
Caused by Epidemic Parotitis, Am Heart J 27 414 
n (March) 1944 


attack of mumps, and I have been informed 8 
of other instances in adults with similar symp- 
toms, but without pam, which persisted for sev- 
eral weeks It is likely that at least m some of my 
patients the good results may be attributed to the 
regimen of periodic rest and decreased activity, 
which was observed for two to three weeks after 
the electrocardiograms became normal 

The nature of the histopathologic changes m 
the myocardium is conjectural Whether or not 
they represent an acute interstitial fibrinous 
myocarditis with infiltration of polymorphonu- 
clear leukocytes, as in Manca’s case, must be de- 
termined by further study The likelihood of pur- 
suing this problem in human subjects is remote, 
inasmuch as epidemic mumps is rarely fatal In- 
formation may, however, evolve from observa- 
tions on experimental animals From the clini- 
cal course and the character of the electrocardio- 
graphic observations, the assumption may be 
drawn that the myocardial changes are usually 
mild and that they are reversible For an occa- 
sional patient with more extensive involvement, 
such as those with heart block, failure to recog- 
nize this complication may jeopardize the pros- 
pects of complete recovery or delay restitution 
The results of this study are provocative of 
certain implications and considerations which 
are of both academic and clinical importance 
There are authenticated instances of acute 
orchitis, meningitis and meningoencephalitis due 
to the virus of mumps which antedate the appear- 
ance of parotitis , m some, the parotitis is so slight 
as to escape recognition So, too, is it possible to 
find electrocardiographic evidence of myocardial 
involvement due to the mumps virus without 
clinical signs of parotitis, and in such cases, par- 
ticularly if accompanied with arthralgia, the pre- 
sumptive diagnosis of rheumatic fever would 
seem tenable Indeed, there is a striking simi- 
larity between the electrocardiographic abnor- 
malities in mumps and those which were ob- 
served 9 m a large series of patients at a naval 
hospital It is pertinent to add that other acute 
infections which are prevalent in epidemic form 
when the incidence of rheumatic fever is at its 
peak, such as pneumonia, diphtheria and German 
measles, were also found with electrocardio- 
graphic abnormalities, including prolonged P-R 
interval These observations considered collec- 
tively cast further doubt on the specificity of the 
delayed conduction time and suggest that perhaps 
too much emphasis is being attached to the sig- 
nificance of this finding m the differential diag- 

8 Personal communication to the author 

9 Rosenberg, D H Rheumatic Fever in the Adult, 
paper read at the First Annual Clinical Conference of 
the Chicago Medical Society, March 1944 
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nosis of rheumatic fever There are doubtless 
many cases both in the armed forces and among 
civilians which are labeled as instances of rheu- 
matic fever without sufficient justification other 
than the presence of arthralgia, unexplained fever 
or prolonged P-R interval In view of the grow- 
ing interest in rheumatic fever and the institution 
of programs of study dealing with its incidence, 
prevention and care, there is an urgent need for 
a more precise definition of rheumatic fever as 
well as for more specific diagnostic criteria 
It may be argued that perhaps streptococcic 
infections of the upper respiratory tract (subclim- 
cal) or rheumatic fevei coexisted m my patients 
with mumps and that they were responsible for 
the myocardial changes Obviously, one cannot 
settle this point conclusively It should be 
pointed out, however, that except for case 1 all 
the patients with electrocardiographic abnor- 
malities had been participating m the program 
of continuous mass prophylaxis (sulfadiazine, 1 
Gm daily) then m effect at a large naval train- 
ing center and that the incidence of infections of 
the respiratory tract and of rheumatic fever was 
at the lowest level at the time of this study 
Finally, the observations recorded in this paper 
present further evidence to substantiate the be- 
lief that epidemic parotitis is a generalized infec- 
tion and that any acute infectious disease, bac- 
terial or viral in origin, is capable of affecting 


the heait, however infrequent or minimal this 
may be As a corollary to this, the cardiac factor 
may contribute to the causation of some of the 
symptoms frequently observed during con- 
valescence 

SUMMARY AND CONCLUSIONS 

Two isolated cases of mumps complicated by 
acute myocarditis with electrocardiographic evi- 
dence of complete heart block are reported. 

In a subsequent study of 104 consecutive 
cases of mumps m adults, electrocardiographic 
evidence of myocardial involvement was found 
in 16 instances (15 4 per cent) The variations 
in the electrocardiographic observations are pre- 
sented 

Mumps myocarditis appears as a rule between 
the fifth and tenth days of illness and is usually 
mild and transitory In the majority of instances, 
it follows a subclimcal course and is recognizable 
chiefly, if not exclusively, by electrocardiographic 
studies 

Precordial pain, dyspnea and/or palpitation 
appeared in 4 cases of this series and m the 2 
isolated cases 

The implications and the importance of these 
observations are discussed, particularly as they 
pertain to the diagnosis of rheumatic fever. 

5346 Cornell Ave, Chicago 



PNEUMOTHORAX IN YOUNG ADULT MALES 

DESCRIPTIVE STATISTICS IN ONE HUNDRED AND TWENTY-SIX CASES 


LIEUTENANT COLONEL JOHN E LEACH 

MEDICAL CORPS, ARMY 


Spontaneous pneumothorax has been the sub- 
ject of numerous reports in the literature With 
l datively few exceptions, 1 most reports have 
been concerned with small groups of cases or 
with isolated patients who have presented un- 
usual features or complications The reports 
of largei numbers of cases have usually been 
drawn from clinics or sanatoriums dealing with 
tuberculous patients Reports of this type neces- 
sarily must be colored by the relation of pul- 
monary tuberculosis and spontaneous pneumo- 
thorax, consequently, the results are biased in 
one direction 

The following report is based on a study of 
126 patients with 129 episodes of spontaneous 
pneumothorax observed among military person- 
nel m the Army Air Forces Training Command 
Since all military personnel have a roentgeno- 
gram of the chest made prior to entrance into 
the service and since many have roentgeno- 
grams made after entering on active duty, the 
results observed m this group are biased m the 
opposite direction, namely, away from tuber- 
culosis 

Sowce of Matenal foi Study — Certain hos- 
pitals in the Command were requested to furnish 
clinical records and pertinent roentgenograms 
from all cases of spontaneous pneumothorax in 
their files The material was assembled and 
studied m the Office of the Surgeon of the Army 
Air Forces Tiffining Command 

1 (a) Ornstein, G G, and Lercher, L Spon- 
taneous Pneumothorax in Apparently Healthy Indi- 
viduals, Quart Bull Sea View Hosp 7 149-187 (April) 
1942 ( b ) Kjaergaard, H Spontaneous Pneumothorax 
in Apparently Healthy, Acta med. Scandinav , 1932, 
supp 43, pp 1-159 and 1-93, cited by Blackford, S D 
Spontaneous Pneumothorax in College Students, J A' 
M A 113 737-739 (Aug 26) 1939 (c) Olbrechts, E 
Le pneumothorax spontane “ldiopathique” Benin, Ann 
de med 27 429-483 (May) 1930 (d) Norris, J L 

Spontaneous Pneumothorax , Industrial Experience 
with 25 Cases, New York State J Med 40 504-506 
(April 1) 1940 (c) Bassel, P M Spontaneous 

Pneumothorax, Texas State J Med 32 696-700 (Feb ) 
■ 1937 (f) Kirshner, J J Spontaneous Pneumo- 

( thorax, Am J M Sc 196 704-709 (Nov ) 1938 ( g ) 
,r Blackford, D Spontaneous Pneumothorax m College 
> Students, JAMA 113 737-739 (Aug 26) 1939 


OF THE UNITED STATES 

The 126 patients leported on by no means 
represent all the cases of pneumothorax that 
have been observed Some records could not 
be used because of incompleteness, or the com- 
plete records had been forwarded to Veterans’ 
facilities or to general hospitals at the time the 
patients were transferred However, no othei 
selective principle was used in settling on the 
population of the 126 cases included in this study 

Results — So far as possible the data have 
been assembled and presented ni the form of 
tabulations, both for ease of discussion and ref- 
erence and for use in comparing or combining 
with other data that may be reported by others 
In connection with each tabulation is presented 
a comment on the significance of pertinent 
features or unusual aspects of the data 

Gene') al Considei ations — There were 126 
male patients with 129 episodes of pneumothorax 
(1 patient had 1 recurrence and 1 patient had 
2 lecurrences during the period covered by this 
survey) There w'ere 5 ground officers, 80 non- 
flying enlisted men, 4 pilots and 1 bombardier, 
1 navigator, 3 aerial gunners, 2 student flying 
officers and 30 aviation cadets Ages ranged 
fiom 18 to 41 years, averaged 24 8 years, with 
a standard deviation of 5 6 years There were 
no immediate fatalities The number of fatal- 
ities among those tiansferred (10 patients) be- 
yond the jurisdiction of this command is unknown 

Special Considei ations — It has been taught 
that the onset of spontaneous pneumothorax is 
usually sudden and is associated with lather 
pronounced symptoms of dyspnea, pain m the 
chest, pallor and evidences of cardiovascular 
embarrassment even to the point of shock In 
an appieciable portion of these patients the 
onset was gradual (table 1) In another ap- 
preciable portion the initial symptoms ivei e 
either nonexistent (ranging from vague discom- 
fort in the chest to absolutely no symptoms) or 
mild in character The difference between those 
exhibiting no symptoms or only mild ones 
(63 5 per cent) and those exhibiting moderate 
and severe symptoms (36 5 pei cent) is statis- 
tically significant 

264 



265 


LEACH-PNEUMOTHORAX 


It is possible that the generally high state of 
Dhysical fitness of the men contributed to the 
midness of the symptoms There was no associ- 
ation between the severity of the reported symp- 
;oms at the onset of the attack and the degree 
)f pulmonary collapse 


Table 1 —Onset and Initial Symptoms of the Attack 
( One Hmdied and Twenty-Nme Attacks) 



Number 

Per Cent 
of 

Number 

Per Cent of 
Number with 
Unknown 
Onset 
Eliminated 

Onset 

Gradual 

23 

17 8 

20 2 

Sudden 

90 

69 8 

19 8 

Unknown or unstated 

16 

12 4 


Total 

129 

100 0 

100 0 


Number 

Per Cent 
of 

Number 

Per Cent of 
Number with 
Unstated 
Symptoms 
Eliminated 

Initial symptoms 

None , 

S 

62 

68 

Mild 

or 

63 0 

56 7 

Moderate 

6 

47 

51 

Severe 

37 

286 

31 4 

Unstated 

11 

85 


Total 

129 

100 0 

100 0 


In table 2 it is significant to note that in 
76 patients there was nothing in the past medi- 
cal history that had any leasonable association 
with the onset of spontaneous pneumothorax 
In addition, 18 patients had infections of the 
upper respiratory tract, many of which were 


Table 2 — Significant Past Medical History up to Onset 
(One Hundied and Twenty-Nme Attacks) 



Num 

Per 

Noncontributory (4 found on routine rocnt- 

her 

Cent 

gcnograpbic examination) 

Concomitant infection of the upper respiratory 

76 

59 0 

tract (6 without cough, 13 with cough) 

18 

14 0 

History of previous pleural pam 

6 

4 6 

Concomitant acute pleuntis 

3 

28 

Previous empyema 

1 

08 

Chronic pulmonary emphysema 

Concomitant pneumonia (1 lobar, 1 broncho 

1 

08 

pneumonia, l virus) 

3 

23 

Exposed to or studied for tuberculosis 

5 

3 9 

Innctlvo pulmonary tuberculosis 

1 

0 8 

Indirect trauma (struck on face) 

1 

08 

Possible previous pneumonia 

3 

2 3 

Previous pneumothorax 

Possibly associated with “flight” in low pres 

8 

62 

sure chamber 

3 

23 

Total 

129 

100 0 


mild Although 13 had an infection of the 
uppei respiratory tract associated with cough, 
m only 1 instance did the pneumothorax occur 
during a period of coughing 

Those patients who had a history of previous 
pneumothorax will be commented on separately, 
since they are of themselves an interesting group 
The lemaimng categories are too scattered and 
do not constitute sufficiently large groups for 
separate consideration 


Three patients, 2 of whom gave vague his- 
tones dating from a low pressure chamber 
"flight” one month prior to the onset of the 
pneumothorax and 1 in whom the onset of pneu- 
mothorax occurred during a "flight,” are in- 
cluded only to make a point When one 
considers the large number of ‘man flights made 
daily in low pressure chambers in this Com- 
mand entirely unassociated with pneumothorax, 
these 3 instances seem extraordinarily unim- 
portant 

None of these 129 onsets occurred during 
aerial flight 

There have been many discussions in the 
past concerning the relation between physical 
activity and the production of pneumothorax 
A division of the cases into groups according 
to amount of physical activity (none, mild or 
moderate activity and extreme activity), based 
on the premise that with chance factors alone 
operating there would be an equal distnbu- 


Table 3 — Physical Activity at Onset 



Num 

Per 

Cent 

of 

Per Cent of 
Number with 
Unknown or 
Unstated 
Activity 


ber 

Number 

Eliminated 

At rest (30 in bed, 20 sitting) 

50 

38 8 

48 0 

Mild physical activity (6 leaning 
over, 11 standing, 20 walking, 2 
climbing stairs) 

39 

30 2 

37 8 

Extreme physical activity (4 run 
nmg, 8 violently exercising, 1 
coughing, 1 fighting) . 

14 

10 8 

13 6 

Unknown or unstated (includes 4 
discovered in. routine roontgeno 
graphic examination) 

26 

20 2 


Total 

129 

100 0 

100 0 


tion m the three categories, brings out two im- 
portant features (table 3) In a significantly 
higher percentage (48 6 per cent) of cases than 
would be grouped together by chance, the onset 
of pneumothorax was associated with a mini- 
mum of physical activity In a significantly 
lower percentage (13 6 per cent) of cases, the 
onset was associated with extreme physical 
activity 

This distribution suggests two explanations 
First, the amount of physical activity has little 
to do with the onset of the average case of 
pneumothorax or, second, the cause of pneu- 
mothorax occurring at rest is quite different 
from the cause of that occurring during exercise 

There was no association between the amount 
of physical activity and either the symptoms or 
the degree of collapse at the onset 

It can be seen by a glance at table 4 that the 
valvular type of pneumothorax was an unusual 
occurrence m this group 



266 


ARCHIVES OF INTERNAL MEDICINE 


The more frequent occurrence of pneumo- 
thorax on the right side has been noted before la 
In this group 59 8 per cent of the occurrences 
were on the right side (table 4) This difference 
from a chance distribution is significant at the 1 
or 2 per cent level When this group is com- 


Table 4 — Type and Side of Occurrence of 
Pneumothorax 



Hum 

Per 

Cent 

of 

Per Cent of 
Number with 
Unstated 
Side 


ber 

Number 

Eliminated 

Typo of pneumothorax 

Closed 

127 


9S 5 

Valvular 

2 


1 5 

Side of pneumothorax 

Bight 

76 

ES 9 

59 8 

Heft 

50 

3S8 

39 4 

Bilateral 

1 

07 

08 

Unstated 

2 

16 



bmed with the cases reported by Ornstein and 
Lercher la (25 single attacks on the right side 
and 16 on the left) the difference between the 
frequency of right-sided and left-sided pneu- 
mothorax is highly significant (01 per cent 
level) 

It is not apparent from these data why spon- 
taneous pneumothorax occurs more frequently 
on the right side 


Table S — Degree of Collapse and Rate of Reevpanston 



Group I 
Up to 50% 

Group II 
Greater Than 

Both 

Days to Complete 

Collapse, 

50% Collapse, 

Groups, 

Beexpansion 

Number 

Number 

Number 

0 to 10 

6 

1 

7 

11 to 20 

32 

1 

33 

21 to 30 

12 

4 

‘ 16 

31 to 40 

4 

12 

16 

41 to 50 

1 

5 

6 

61 to 60 

0 

8 

8 

61 to 70 

1 

1 

2 

71 to 80 

0 

2 

2 

SI to 90 

0 

0 

0 

91 to 100 

O 

3 

3 

101 to no 

0 

0 

0 

111 to 120 

0 

1 

1 


■ ■ - 

■ — - 


Total 

56 (59 5%) 38 (40 5%) 

94 (100%)» 

Mean in days f 

19 43 

48 39 

31 14 

Standard deviation of 

distribution 

10 29 

2316 

21 96 

Standard error of 

mean 

139 

371 

2 27 


* For 32 patients, not all the roentgenograms were sub 
rmtted Hence, these, cases could not be Included 

t The critical ratio of difference between means of groups 
I and H is 73 


The estimation of the per cent of collapse in 
pneumothorax is variable because of differences 
1 of method among roentgenologists and variations 
( m technic m making roentgenograms In com- 
, P'hng the data shown in table 5, these differences 
( have been minimized as much as possible by mak- 
,r mg only two groups, namely, those with pul- 
> monary collapse up to 50 per cent and those with 
r ‘ collapse over 50 per cent 


These data show (a) a suggestion of a likeli- 
hood that the degree of pulmonary collapse will 
be less than 50 per cent and ( b ) a highly sig- 
nificant difference between the mean number of 
days required for complete reexpansion to take 
place in groups I and II As a matter of fact, 
in this distribution slightly over one half of all 
the patients had degrees of pulmonary collapse 
estimated at below 33 per cent 

The cause of the pneumothorax could not be 
determined for the great majority of the patients, 
despite the fact that all the usual diagnostic 
measures were carried out It is possible that 
the condition in a goodly portion of those pa- 
tients transferred to general hospitals and vet- 
erans’ facilities was tuberculous m origin (table 
6 ) 


Table 6 — Cause (One Hundred and Twenty-Nine 
Attacks) 



Number 

Undetermined 

107 

Emphysema 

1 

Proved pulmonary tuberculosis 

1 

Pneumonia 

1 

Pleurisy 

1 

Postoperative 

1 


Unknown because of transfer or because still in hospital 17 
Total 129 


For the sake of emphasis it should be stated 
that subpleural emphysematous blebs or viscero- 
parietal pleural adhesions could not be demon- 
strated on the roentgenograms It is possible, of 
course, that they might have been demonstrated 
by views of the thorax from other angles 

From table 7 it is evident that complications 
m the course of the pneumothorax were mfie- 


Table 7 — Complications tn the Course of 
Pneumothorax 



Num 

Per 

Complications 

ber 

Cent 

None 

102 

79 2 

Slow absorption 

3 

23 

Thoracentesis for excessive pain or djspnea 

2 

1 5 

Hemothorax 

2 

1 5 

Increase m degree of pneumothorax 

4 

31 

Associated injuries or other diseases 

2 

1 5 

Pneumonia and pleurisy 

4 

31 

Unstated or unknown 

10 

78 

Total 

129 

100 0 

Days of Hospitalization 

Eange 

Mean days 

Standard deviation of distribution 

4 to 135 days 
39 9 days 
26 6 dajs 


quent The average length of hospitalization 
(39 9 days) was determined laigely by the aver- 
age number of days (31 1 days) required for 
the air to be reabsorbed, plus additional days 
(average eight days) for further convalescence 
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Table 8 — Disposition of Personnel 


Number Per Cent 


Retained in military service (82 full duty, 
11 limited service) 

Certificate of disability discharge 
Still in hospital 
Unknown because of transfer 
Unstated disposition 

Total 


93 

13* 

7 

10 

3 

126 


73 8 
10 3 
56 
79 
24 


999 


. one was separated because of constitutional psychopathy 
and l because of nonspecific ulcerative colitis 


Table 9— Disposition of Flying Personnel 


Disposition Number 

Restored to flying after leaving hospital (1 phot, 1 
student officer, 2 aerial gunners, 1 aviation cadet) 5 

Temporarily suspended from flying (1 puot, i com- 
hardier, 1 navigator, 1 aerial gunner, 1 student 
officer, 1 aviation cadet) 

Grounded for 12 months (aviation cadet) 

Indefinitely suspended (all aviation cadets) 

Unstated disposition (1 pilot, 6 aviation cadets) 

Still in hospital (1 pilot, 2 aviation cadets) 

Total 


6 

1 

19 

7 

3 

41 


history of previous pneumothorax (table 10) 
The 7 patients had a total of 11 previous episodes 
of pneumothorax It is interesting that 5 of the 
7 patients had recurrences on the right side 
It is also noteworthy that the recurrences were 
not associated with unusual physical activity 
There were several additional patients who gave 
suggestive histones of previous attacks of pain in 
the chest and/or dyspnea, but these could not be 
included m this group because of the mdefimte- 
ness of the histories One cannot draw any con- 
clusions from these cases on the degree of ten- 
dency of pneumothorax to recur, since the group 
ib too small and the time period covered is too 
short 

COMMENT AND SUMMARY 

As noted before, this group of patients, pre- 
viously screened for chronic pulmonary disease 
(chiefly pulmonary tuberculosis) prior to en- 


Table 10 — Recurrent Pneumothorax * 


Patient 

Age 

Number of 
Previous 
Attacks 

1 

24 

2 

2 

19 

1 

3 

19 

2 

4 

34 

2 

5 

21 

2 

6 

23 

1 

7 

26 

1 

Total 7 


11 




Degree of 

Side of 

Side of 

Collapse 

Previous 

Present 

Present 

Attack 

Attack 

Attack (%)t 

7 

R 

+60? 

7 



L 

B 

+50 

R 

R 

7 

L 



R 

h 

—50 

L 



R 

B 

7 

R 



7 

I# 

+50 

L 

R 

—50 

4L 

2L 


4R 

6R 


37 




Physical 

Activity at Days to 

Onset of Complete 

Present Attack Absorption 

Walking 38 

Marching and count- 35 

Ing cadence 

f ? 

Sleeping 26 

Marching 7 

Leaning over 43 

Mild physical activity 27 


* All recurrences, except one, wero within 1 to 2 years of the present attack 

f The symbol +50 indicates greater than 60 per cent collapse, — 50 indicates less than 50 per cent collapse 


Of 126 persons, 93 were retained in the mili- 
tary service (table 8), a salvage of 73 8 per cent 
Of the remaining persons, 13 were known to 
have been separated from the service, and pos- 
sibly half of the 10 patients who were trans- 
ferred to other medical facilities (usually because 
<* of troublesome complications or for administra- 
tive reasons) were also discharged for physical 
disability 

Of the 41 patients who were flying personnel, 
the disposition varied considerably (table 9), 
The trained personnel (pilots, bombardier, navi- 
gator and aerial gunners) and the student 
officers were either lestored to flying directly 
after hospitalization or suspended from flying up 
to twelve months and then restored The aviation 
cadets and aviation students, for the most 
part, were physically disqualified for further 
dying duty 

There were 7 patients (1 with 2 recurrences 
during the period covered) who gave a positive 


trance on active duty, cannot be considered a 
general sample of the adult male population 
The screening accomplished by the preservice 
roentgenogram of the chest largely negates the 
known relation between pulmonary tuberculosis 
and pneumothorax However, by so doing, it 
brings to the fore those types of pneumothorax 
which for want of a better term, have been desig- 
nated “spontaneous pneumothorax m healthy 
adults/’ noted by Hall 2 and later by ICjaer- 
gaard lb Olbrechts lc described a similar type of 
pneumothorax among French army conscripts, 
“the pneumothorax of conscripts ” 

From the results obtained m this group so 
heavily weighted with the nontuberculous type of 

2 Hall, F de H On Cases of Pneumothorax 
in Persons Apparently Healthy, Tr Clin Soc , London 
20*153-161, 1886-1887, cited by Van Astrand, H S 
Idiopathic Spontaneous Pneumothorax, Cleveland Clin 
Quart 7 178-183 (July) 1940 
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spontaneous pneumothoiax some interesting 
observations can be made 

1 Not infrequently the onset may be gradual 
rather than sudden 

2 Initial symptoms are frequently absent 
(none, vague symptoms or atypical symptoms) 
or mild m degree 

3 A positive or associative history of previous 
pulmonary disease is not usually found (an idio- 
pathic pneumothorax) 

4 In 85 out of 100 cases the onset of the 
attack occurred when the patient was at rest 
(48 6 per cent) or during mild physical activity 
(37 8 per cent) 

5 The side of the pneumothorax is moie fre- 
quently the right 

6 The closed type of pneumothorax is most 
common 

7 The degree of collapse is frequently less 
than one third, and on the average the air can 
be expected to be absorbed in about twenty days 
in those who have less than 50 per cent pul- 
monary collapse 

8 A search for the causative factor in these 
cases is usually fruitless 

9 Complications are not frequent and not 
particularly dangerous if treated by standard 
procedures 

10 Three out of 4 patients were salvaged for 
further military duty 


11 Except m a long time study of a large 
number of cases, inferences concerning the de- 
gree of tendency for pneumothorax to recui are 
not valid 

12 The immediate or remote cause of this 
type of pneumothorax is still unsettled The 
theories, spontaneous rupture of a weakened 
portion of the pleura, tearing of pleural adhesion, 
lupture of subpleural emphysematous blebs, in- 
terstitial emphysema leading to a subpleural col- 
lection and finally rupture 3 and wearing through 
of the pleura through the process of normal de- 
nudation, 4 have not been disproved Conversely, 
none of these theories can be strongly advocated 
on the basis of these observations The theories 
of a tearing of a pleural adhesion or rupture of 
an emphysematous bleb are not supported by 
these cases, since residual pleural adhesions and 
emphysematous blebs could not be demonstrated 
on the roentgenograms However, judging from 
the work of others, the i upture of an emphysema- 
tous bleb still seems the most likely immediate 
cause In addition, there was no demonstrable 
association with pulmonary tuberculosis 

13 So fai as these data are concerned, there 
is no demonstrable relation between flying and 
spontaneous pneumothorax 

3 Hamman, L A Note on the Mechanism of 
Spontaneous Pneumothorax, Ann Int Med 13 923- 
927 (Dec) 1939 

4 Schomer, A , and Ehrlich, D E M Bull Vet. 
Admin 11 206, 1935 



STREPTOMYCIN FOR CERTAIN SYSTEMIC INFECTIONS AND ITS 
EFFECT ON THE URINARY AND FECAL FLORA 

HOBART A REIMANN, MD , ALISON H PRICE, MD 

AND 

WILLIAM F ELIAS, PhD 

PHILADELPHIA 


Streptomycin, an antibiotic substance derived 
-om Actinomyces griseus, when injected par- 
nterally appears m the blood, urine and spinal 
uid in amounts theoretically bacteriostatic or 
actericidal for certain gram-negative bacilli 
nown to be resistant to penicillin and to sulf- 
namide compounds 1 When given orally, 
nly traces appear m the blood and urine, 
ince most of it is excreted m the feces, 
diere it exerts a suppressive effect on vari- 
ius bacteria It is relatively nontoxic These 
acts, together with suggestive evidence of 
:he therapeutic value of streptomycin m sev- 
eral cases of typhoid la and in experimental m 
'ections in animals, 2 warrants further trial of 
:he drug in several directions , namely, (a) for 

From the Jefferson Medical College and Hospital 
[Dr Reimann and Dr Price) and the Wyeth Institute 
>f Applied Biochemistry (Dr Elias) 

Streptomycin hydrochloride was generously sup- 
)hed by Merck & Co , Inc , Rahway, N J Mrs Jane 
Durso assisted with the technical details of the study 

1 (a) Reimann, H A , Elias, W F, and Price, 
\ H Streptomycin for Typhoid A Pharmacologic 
study, J A M A 128 175-180 (May 19) 1945 (h) 
ilias, W F , and Durso, J Blood, Urine, and Fecal 
Levels of Streptomycin in the Treatment of Human 
Infections of E Typhosa, Science 101 589-591 (June 8) 
L945 (c) Hinshaw, H C, and Feldman, W H 

Streptomycin in Treatment of Clinical Tuberculosis 
A Preliminary Report, Proc Staff Meet, Mayo Clm 
20 313-318 (Sept 5) 1945 (d) Anderson, D G, and 
Jewell, M The Absorption, Excretion and Toxicity 
of Streptomycin in Man, New England J Med 233 
485-491 (Oct 25) 1945 (e) Zintel, H A, and others 

Studies in Streptomycin in Man I Absorption, Dis- 
tribution, Excretion and Toxicity, Am J M Sc 
210 421-430 (Oct ) 1945 (/) Heilman, D H , and 

others Streptomycin Absorption, Diffusion, Excre- 
tion and Toxicity, ibid 210 576-584 (Nov ) 1945, 
( g ) Herrell, W E , and Nichols, D R The Clinical 
Use of Streptomycin A Study of Forty-Five Cases, 
Proc Staff Meet, Mayo Clm 20 449-462 (Nov 28) 
1945 

2 Heilman, F R Streptomycin m the Treatment 
of Experimental Tularemia, Proc Staff Meet, Mayo 
Clm 19 553-559 (Nov 29) 1944 Feldman, W H , and 
Hinshaw, H C Effects of Streptomycin on Experi- 
mental Tuberculosis m Guinea Pigs, ibid 19 593-599 
(Dec 27) 1944 Heilman, F R Streptomycin m the 
Treatment of Experimental Infections with Micro- 
Organisms of the Friedlander Group (Klebsiella), ibid 


more patients with typhoid, ( b ) for infections 
caused by gram-negative bacilli, especially bru- 
cellosis, bacillary dysentery, tularemia, plague, 
cholera and Escherichia coli and Hemophilus 
influenzae infections, (c) for infections of the 
urinary tract, and (d) to study its effect on the 
flora of the intestinal tract 

In this paper, report is made of the effect of 
streptomycin in 5 more patients with typhoid, 
3 with brucellosis, 1 with tuberculous menin- 
gitis and 5 with infection of the urinary tract, and 
in 6 patients to study its effect on the flora m the 
feces Including 5 patients in a previous report, 
streptomycin was given to 35 patients Report 
of the use of streptomycin in 10 cases of cholera 
will appear elsewhere 

Methods — The preparation of solutions of strepto- 
mycin hydrochloride and the methods of its intravenous, 
intramuscular and oral administration were the same 
as described before ln Assay of the amount of strepto- 
mycin m the blood, urine, feces and spinal fluid was 
made according to Stebbms’ method 3 The potency oi 
the various lots of streptomycin used varied from 13C 
to 430 units per mg Amounts of streptomycin recorder 
in these studies are expressed m terms of weight oi 
pure streptomycin base according to the newly adoptee 
plan whereby 1 microgram represents 1 unit and 1 Gm 
represents 1,000,000 units Estimation of the numbei 
of bacteria in the urine and feces was made by standard 
methods 

REPORT OF CASES 
TYPHOID 

Case 1— H B, a woman aged 33, was admitted tc 
the Germantown Hospital, service of Dr Thomas Gar- 
ret, m a stuporous state with high fever and bacteremia 
with Eberthella typhosa Streptomycin, 4 Gm daily 
was given intravenously beginning on the tenth daj 
of the disease The temperature, which was 105 F 
declined during three days of therapy to 102 F 
(chart 1), but the stupor deepened into coma and deatl 
occurred on the fourteenth day, after about 15 Gm liac 


20 33-39 (Feb 7) 1945 Smith, M I , and McClosky 
W T The Chemotherapeutic Action of Streptomycir 
and Promm in Experimental Tuberculosis, Pub Healtl 
Rep 60 1129-1138 (Sept 28) 1945 

3 Stebbms, R B , and Robinson, H J A Methoc 
for Determination of Streptomycin m Body Fluids 
Proc Soc Exper Biol & Med 59 255-257 (June) 1945 
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been given Bacteremia persisted, although the amount 
of streptomycin in the blood varied from 11 to 22 micro- 
grams per cubic centimeter (22 to 44 micrograms per 
cubic centimeter of serum), which amount was more 
than that needed (9 micrograms) to kill the same strain 
of E typhosa on agar Her spinal fluid contained 
20 micrograms of streptomycin per cubic centimeter, 
and the usual 30 to 50 per cent of the amount injected 
was excreted in the urine 

Although this severely sick patient was 
treated early in the disease with theoretically 
adequate amounts of streptomycin, the blood 
was not cleared of E typhosa and death oc- 
curred The typhoid bacillus from this patient 
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Chart 1 (case 1) — Typhoid The patient received 
4 Gm. (4,000,000 units) of streptomycin intravenously 
for over three days but died despite the presence of 
22 micrograms of streptomycin per cubic centimeter 
in the blood while only 9 micrograms killed the infect- 
ing bacillus in broth culture 

was killed by 9 micrograms of streptomycin per 
cubic centimeter of agar, as compared with a 
stock strain, which was killed by 2 micrograms 
but not by 1 microgram, and with the strain 
obtained m the epidemic, la which was inhibited 
by 6 micrograms 

Case 2 — L B , aged 21, was admitted to the service 
; of Dr Sumner Cross at the Abington Memorial Hos- 
pital on the fifth day of disease Although the temper- 
ature varied from 103 to 105 F , she never appeared to 
be toxic and was regarded as having a mild attack, 
although E typhosa was cultivated several times from 
the blood and from the feces Streptomycin m doses of 
4 Gm daily was given intravenously, beginning on 
the twelfth day of disease Within thirty hours 
the temperature fell to normal and recovery occurred 
(chart 2) Amounts between 11 and 20 micrograms per 
cubic centimeter of blood were present during therapy 
An amount estimated as between 2 and 5 micrograms 
appeared in the spinal fluid Treatment was given m 
large doses for four days, after which the dose was 
[ reduced to 2 Gm and then to 1 Gm A total of about 
t 19 Gm was given 

r Recovery seemed to have been brought about 
c by streptomycin m this patient The infecting 


bacillus, however, was more resistant than any 
other strains of E typhosa tested and withstood 
16 micrograms of streptomycin per cubic centi- 
meter but not 18 miciograms when cultured on 
agar This quantity was only slightly exceeded 
by the amounts measured m the blood Evidence 
in this case and m case 1 suggests that suscepti- 
bility of the infecting strain of E typhosa to 
streptomycin and the amounts of drug present 
in the blood bear no close correlation as regards 
the clinical outcome Therapeutic failure in 
case 1 occurred with a relatively sensitive strain 
and large amounts of drug in the blood, while 
recovery occurred m case 2 with the same 
dosage, but with lesser amounts in the blood 
and a more resistant strain Either the inhi- 
bition test is not sensitive enough for minor 
variations in resistance or other obscure fac- 
tors m the host also play a role If, according 
to Goodpasture’s view, typhoid bacilli reside and 
multiply mtracellularly in plasma cells and 
macrophages, they may not be affected by 
streptomycin unless they escape into the blood 
or tissues 
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Chart 2 (case 2) — Typhoid The patient received 
4 Gm (4,000,000 units) of streptomycin intravenously 
for four days and then smaller amounts Recovery 
occurred, but only 11 to 20 micrograms of streptomycin 
appeared in the blood, while as much as 18 micrograms 
per cubic centimeter was needed to kill the bacillus in 
broth culture 

Three more patients, whose records need not 
be described in detail, were treated Two, whose 
temperatures declined slowly over a week and 
who recovered, received 20 Gm and 45 Gm 
respectively, and 1, who received 24 Gm , died 

BRUCELLOSIS 

If streptomycin is bacteriostatic or bacteri- 
cidal for E typhosa m the body, it should, 
theoretically, be even more so for Brucella suis 
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since tluee strains from patients treated were 
killed on culture with as little as 0 5 nnciogram 
per cubic centimeter of agai, as compaied with 
6 to 18 miciograms needed to kill E typhosa 
isolated fiom patients 

Case 3 — C M, a physician aged 41, had an attack 
of supposed grip lasting two weeks in February He 
was then well until about March 1, when malaise, 
weakness, chilliness and fever (temperature 102 F) 
recurred Later there were severe chills, drenching 
sweats, insomnia, headache, aching and constipation 
characteristic of a seveie attack The titer of a bru- 
cella agglutinin test was 1 640 Large doses of sulfa- 
diazine and later of penicillin were given in spite of 
lack of evidence of their value for brucellosis A 
course of injections of vaccine was likewise ineffective 

He was admitted to this hospital on the twenty- 
sixth day of the relapse, which began March 1 The 
important data are the fever chart (chart 3), leuko- 



Chart 3 (case 3) — Brucellosis There was no re- 
«ponse to small doses of streptomycin intramuscularly 
or intravenously, but after the forty-second day, when 
5 Gin (5,000,000 units) were given daily, the tempera- 
ture began to decline The Br suis responsible was 
inhibited by as little as 0 5 micrograms per cubic centi- 
meter of broth , the blood contained as high as 27 micro- 
grams per cubic centimeter 

pema, agglutinin for brucella in titer of 1 2,000 (had 
received vaccine) and a blood culture positive for Bru- 
cella suis The growth of this bacterium was inhibited 
by 0 5 microgram of streptomycin but not by 0 1 micro- 
gram per cubic centimeter of agar 
Because of previous experience with typhoid n m which 
12 micrograms per cubic centimeter of blood appeared 
after daily intramuscular injection of 1 Gm , this 
dosage was first used for seven days Three cubic 
centimeters of a solution of streptomycin m distilled 
water (each cubic centimetei containing about 45,000 
micrograms) was given every three hours Aside from 
local pain no other untoward symptoms were noted On 
this dosage only from 1 to 4 micrograms appeared in the 
blood, 40 per cent was excreted m the urine and none 
m the feces Since no clinical improvement occurred, 
the dosage was increased to 3 Gm daily and given 
mtravcnouslv (chart 3) The amount in the blood lose 
to 9 and 13 nncrograms per cubic centimeter of blood, 
but still there was no clinical improvement after six 
da\s The dose w r as increased to 4 Gm and then to 
5 Gm , with a rise in the amount in the blood to 27 
i nncrograms per cubic centimeter, which is about sixtv 
times the amount needed to kill the infecting - bacilli 
m vitro Doses of this size caused about 2,800 micro- 
grams per cubic centimeter to appear in the urine and 


11 micrograms per cubic centimeter in the spinal fluid 
but only traces in the feces There was no evidence 
of toxicity other than a diffuse erythematous eruption 
lasting twelve hours on the fpfty-fourth day 

After dosage at 5 Gm was begun, the fever 
gradually declined for five days and ended abruptly 
on the forty-eighth day, with coincident clinical im- 
provement A total of about 54 Gm of strepto- 
mycin was given The patient returned to his home 
on April 23, after six days without a rise of temper- 
ature over 99 F During the second week the temper- 
ature occasionally rose to 101 F and once to 102 3 F 
In the third wrnek, there were occasional chills with 
spikes of temperature to 104 F, but the patient felt w'ell 
enough to get out of bed Thereafter recovery took 
place 

In this instance the sensitivity of the mfec- 
mg Brucella to stieptomycm on agai was not 
a leliable guide to the amount needed m the 
blood to conti ol the infection Recoveiy in this 
patient was piobably spontaneous and not te- 
lated to therapy, yet the fevei declined during 
treatment after large doses weie used The 
subsequent l ecrudescence shows that the infec- 
tion persisted and suggests the need for con- 
tinuing tieatment for some time aftei defei- 
vescence 

Case 4 — G V B , aged 31, a veterinary assistant, 
noted slight fever in mid-April, which persisted and 
increased until he was admitted to Abington Memorial 
Hospital, May 5, as a patient of Dr E S Vollmer 
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Chart 4 (case 4) — Brucellosis There w'as prompt 
defervescence and recovery during treatment with 4 Gm 
(4,000,000 units) of streptomycin intravenously Br 
suis was killed by 0 5 microgram per cubic centimeter of 
broth , the blood contained 12 to 19 micrograms per 
cubic centimeter 

Drenching sweats occurred and fever increased to 104 F 
Physical ex-amination revealed nothing essentially ab- 
normal except that the patient appeared to be severelv 
sick The leukocytes numbered 5,000, and 60 per cent 
were lymphocytes The serum agglutinated Brucella 
in a titer of 1 360, and Br suis grew' in a culture of 
the blood The patient was transferred to this hospital 
on May 10, about the twentv -second dav of disease 
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Because of the experience m case 3, therapy was 
started with large dosage Streptomycin was given 
intravenously in doses of 4 Gm daily Shortly 
thereafter, the temperature began to decline steadily 
until it reached normal on May 17, after six days of 
treatment with 24 Gm The dose was then reduced to 
2 Gm , then to 1 Gm (chart 4) The amount of 
streptomycin in the blood varied from 12 to 19 micro- 
grams per cubic centimeter, and in the serum from 25 
to 35 micrograms The infecting Brucella, as m case 3, 
was inhibited by 0 5 microgram of streptomycin per 
cubic centimeter of agar 

The appearance of the tempeiatuie cmve 
(chart 4) and the clinical improvement stiongly 
suggest that streptomycin played a role in the 
lecovery No i elapse has occuired to date 

Case 5 — A A , aged 6, was noted by her parents 
to have fever, gradually rising to 104 F, in February 
1945 She recovered after several weeks and was ap- 
parently well until April 28, when fever recurred, and 
on May 5 she entered the Jewish Hospital as a patient 
if Dr Schless Her temperature rose to 104 F It 
gradually fell to normal after a week, remained nor- 
nal for four days and rose again to 105 F During 
his time no other physical abnormalities except pallor, 
sweating and hepatomegaly were noted The leuko- 
:ytes numbered 6,000, and 65 per cent of them were 
jmphocytes Agglutination for Brucella occurred in 
a. titer of 1 160 A cutaneous test with brucella vac- 
cine elicited a strongly positive reaction A diagnosis 
of brucellosis was made, and the patient w r as trans- 
ferred to this hospital for treatment 
At this time, about the nineteenth day of the current 
bout, the temperature ivas 105 F , the leukocytes num- 
bered 5,000, 60 per cent of which were lymphocytes, 
agglutinins for brucella were present in titer of 1 500 
and a blood culture was positive for Brucella abortus 
The child weighed 25 Kg (62 pounds) 

Streptomycin, 3 Gm daily, a large amount in pro- 
portion to her u'eight, v/as given by the intravenous 
drip method and continued for about eight days 
(24 Gm ) Only 12 micrograms per cubic centi- 
meter was present m the blood No beneficial effect 
resulted The Br abortus involved was inhibited by 

0 5 but not by 0 1 microgram of streptomycin in agar 

TUBERCULOUS MENINGITIS 

During the course of these studies, the 
amount of streptomycin was measured in the 
spinal fluid of several patients, as noted inci- 
dentally m certain case reports and listed in table 

1 Assuming the meninges to be unaffected 
in each instance, it is obvious that stieptomycm 
injected parenterally enters the spinal fluid 
m variable, but m theoretically bactericidal, 
amounts, as shown in table 1 In case 1 twice 
the amount appeared with 4 Gm doses as with 
5 Gm in case 3 

It is questionable whether it is moie impor- 
tant to attain a high concentration of the drug 
in the spinal fluid by intrathecal injection rather 
L than in the meningeal and othei tissues by the 
t parenteral route for the treatment of meningitis 
: Experience with penicillin in the tieatment of 


bacterial meningitis repoi ted elsewhei e 4 indi- 
cated that parenteral theiapy suffices and that 
intrathecal injection is unnecessary 

Case 6 — J M, aged 15, a patient of Dr W Daiber, 
complained of headache about April 7 which became 
much w'orse, with fever and signs of meningitis The 
spinal fluid on two occasions was under pressure of 
600 mm of water, contained 200 leukocytes, mostly 
lvmphocvtes , 44 and 30 mg of sugar, and 640 and 600 


Tablf 1 — Amounts of Stieptomycm in the Spinal 
Fluid aftci Vauous Parenteral Doses Compared 
with Amounts in the Blood 




Micrograms 

Micrograms 


Daily Dose, 

per Cc ol 

per Cc of 

Ouse 

Gm 

Spinal Fluid 

Blood 

O G* 

1, intramuscularly 

5 (estimated) 

5 (estimated) 

9 J fe 

1, intravenous]) 

4 (estimated) 


1 H B 

4, intrni enousl) 

20 

12 

2 L B 

4, intra-vcnouslj 

5 (estimated) 

20 

a C M 

5, mtraicnouslj 

11 

30 


o, intra\ enouslj 

G (estimated) 

14 

G J M 

4, intraicnoush 

1G 

19 

(tuberculous 

20 


meningitis) 


18 




18 




18 



* Reimann, Llnis and Price, 1 case 1 


mg of chlonde A pellicle formed, and m one speci- 
men acid-fast rods were reported Cultures of the spinal 
fluid remained sterile In later samples the amount 
ci sugar present was too small to measure 

On the twenty- fifth day of disease streptonnem was 
given by continuous intravenous drip, 4 Gm daily, 
for seven days No significant changes occurred 
in the spinal fluid, somnolence deepened into coma and 
death occurred on the thirty-second day The diag- 
nosis was confirmed at necropsy During therapy the 
amount of streptomycin m the spinal fluid measured 
on five occasions \aned from 16 to 20 micrograms per 
cubic centimeter 

ETTECT OF STREPTOMYCIN ON THE FLORA 
OF THE URINE 

The fact that fiom 40 to 60 pei cent of 
stieptomycm injected paienterally is excreted 
m the urine where it appeals in bactericidal 
amounts, suggests its therapeutic tnal m cases 
of infection of the unnary tiact caused by gram- 
negative bacilli Plans were made accordingly 
to study the effect of streptomycin on the bac- 
tena in infected urine Intramuscular or in- 
travenous injection of between 1 Gm and 
5 Gm causes 150 to 2,800 nnciograms of 
stieptomycm per cubic centimeter to appeal m 
mine, depending on the volume of mine (table 
2) In this lespect, mtramusculai therapy and 
a restricted intake of fluid, to obtain a lelatively 
lai ge amount of drug m a small amount of urine, 

4 Price, A H, and Hodges, J H Treatment of 
Meningitis with Penicillin Injected Intravenously and 
Intramuscularly, New' York State J Med 44 2012-2014 
(Sept 15) 1944 
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1S usually preferable to mtravenous therapy, 
which requires the daily injection of 3,000 cc 
of fluid However, m 1 patient the intra- 
venous injection of 5 Gm resulted m 2,800 
micrograms of streptomycin per cubic centi- 
meter of urine, the highest amount measured 
Considerable daily variation occurs even with 
constant dosage, as indicated by sample read- 
ings shown m table 2 


Iable 2 — Vernations in Amount of Streptomycin per 
Cubic Centimeter of Uune in Relation to Dosage 
Route of Injection and Amount of Urine Excieted 


Case 

Daily Dose, 

Gm 

Mierograms 
per Cc ol 
Urine 

Daily 
Urinary 
Output, Cc 

3CM 

1 , intramuscularly 

150 

2S0 

2,050 

2,SC0 


3, intravenously 

510 

2,500 

4,300 

2,780 


5, intravenously 

2,800 

3,440 

10 J w 

1, intramuscularly 

2, intramuscularly 

300 

1,700 

1,200 

1,300 

0 J s 

1, intramuscularly 

1, intravenously 

115 

150 

SS 

r-T 

7 B B 

2, intravenously 

310 

610 

3, SCO 
3,000 

4GB 

4, Intravenously 

700 

1,630 

700 

3,100 

810 

3,700 


Amounts accumulate rapidly in the urine with- 
in a few hours after beginning treatment and 
disappear about forty-eight hours after stopping 
it 

BACILLUS PYOCYANEUS INFECTION 

Case 7 — Mrs B B, aged 32, had hydronephrosis 
and pyuria, with gram-negative rods and gram-nega- 
tive cocci m the urine On culture only colonies 
of Bacillus pyocyaneus grew Shortly after opera- 
tion for dilation of the urethra and urethral orifices, 
the temperature rose to 106 F and the leukocytes 
to 12,000 per cubic millimeter of blood Strepto- 
mvcin was given by the intravenous drip method m 
doses of 2 Gm daily for four days During this 
time the temperature rapidly declined to normal 
Before treatment the number of B pyocyaneus organ- 
isms estimated m the urine was 2,000,000, forty-eight 
hours after the beginning of treatment, the number 
was reduced to 2,000 and on the fourth day to 1,500 
The amount of streptomycin in the urine varied from 
300 to 640 micrograms per cubic centimeter, represent- 
ing the usual 40 to 60 per cent recovery of parenterally 
injected streptomycin Growth of the B pyocyaneus 
involved was inhibited on agar containing 100 micro- 
grams per cubic centimeter but not 75 micrograms 

Case 8 — C G, a debilitated man aged 66, studied 
m collaboration with Dr John Eimann at Abmgton 
Memorial Hospital, had a severe infection of the urinary 
tract with B pyoevaneus and Bacillus proteus morganu 
He was given 4 Gm daily intravenously for five days, 
but edema developed and the intramuscular route was 
i chosen His general condition became worse, and treat- 
ment was stopped 

Culture of the urine during treatment showed a dis- 
appearance of Proteus morganu, which was inhibited 


by 8 micrograms per cubic centimeter of agar, but B 
pyocyaneus which was on test was resistant to more 
than 200 micrograms per cubic centimeter Evidently 
different strains of B pyocyaneus also vary m their 
resistance to streptomycin 

EBERTHELLA INFECTIONS 

Case 9— J S , a man aged 48, suffered from chronic 
infection of the urinary tract after a pelvic injury four 
years previously He complained of frequent burn- 
ing, and his urine was often cloudy r A stained smear 
showed a mixture of bacteria, mostly gram-negative rods, 
and variable other bacilli, which on culture were E 
coh (predominant), Klebsiella pneumoniae and a hemo- 
lytic gram-positive rod The numerical distribution 
of bacteria before and after treatment with streptomycin 
is shown in table 3 The colon bacillus isolated was 
inhibited by 3 micrograms but not by 2 in the test tube 
The patient’s urinary output was diminished by limit- 
ing the fluid intake to 1,000 cc per day in order to 
concentrate the excreted streptomycin The drug was 
given intramuscularly m doses of about 0 125 Gm 
every three hours, or 1 Gm daily Pain at the 
site of injection and slight headache occurred shortly 
after the first dose Each of the next five in- 
jections was followed by severe headache lasting about 
thirty minutes After two days of intramuscular therapy 
because of headache, the same dosage was given by the 
intravenous route for four days No further headache 
occurred, probably because of more gradual administra- 
tion of the drug The effect on the bacterial count 
is shown m table 3 Within twenty-four hours urine 
was free from all bacteria, including the gram-positive 
bacilli, except anaerobic ones 

Tests were made to determine the lasting effect of 
therapy on the urinary flora Two days after treat- 
ment was stopped, a trace of streptomycin was still 
present in the urine to account for the persistent absence 
of certain unidentified aerobic bacteria, yet when the 
urine was diluted to reduce the amount of drug present, 
the hemolytic bacilli grew, indicating that streptomycin 
had a suppressive but not a bactericidal effect No 
colon bacilli grew at any dilution Seven days after 
treatment was stopped neither colon bacilli nor the 
hemolytic bacilli grew on the culture plates 

The spinal fluid contained 4 micrograms of strep- 
tomycin per cubic centimeter with doses of 1 Gm daily 
intravenously 

Case 10 — J W , a man aged 65, had urinary reten- 
tion complicated by prostatic hypertrophy and obstruc- 
tion A retention catheter was inserted for drainage 
The urine was purulent and contained a variety of 
bacteria as indicated m table 4 The colon bacillus 
present was mhibited by 6 micrograms of streptomycin 
hut not by 5 micrograms 

The fluid intake was restricted to 1,200 cc a day, 
and streptomycin was given intramuscularly m doses 
of 2 Gm for two days Injections were followed 
immediately by pain locally and moderate head- 
ache lasting thirty minutes accompanied with a tem- 
porary fall of blood pressure from 128 systolic and 78 
diastolic to 110 systolic and 40 diastolic and once to 
90 systolic and 40 diastolic The dosage was reduced 
to 1 Gm for four days with only occasional mild 
headache after injection The effect of therapy on 
the bacteria m the urine is illustrated m table 4 
As m case 9, within twenty -four hours the urine was 
cleared of all bacteria except anaerobic ones 

Higher dilutions of urine made from the sample of 
the third day of treatment gave growth of a few colonies 
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of various unidentified aerobic bacteria, indicating that 
the streptomycin present in undiluted urine inhibited 
their growth but when it was further diluted growth 
occurred E coll failed to grow in any dilution 

Samples tested two days after treatment was stopped 
still contained traces of streptomycin, and the total 
aerobic bacterial count increased to 32,000,000, but 
colon bacilli were absent Seven dajs later colon ba- 
cilli and hemolytic cocci were both absent 

In 1 patient, 4 Gm of streptomycin given 
intravenously failed to eliminate E pyog- 
enes fi om the urine, although 1,500 units weie 
piesent in it 

EFrECT OF STREPTOMYCIN ON TLORA Or 
THE TECES 

Stieptomycin given orally is almost all ex- 
cieted m the feces In studies in a case of typh- 


Streptomycm was gnen oially every thiee 
hours to each patient, the amount depending 
on the total daily dose decided on 

Cash 1 1 — Mrs G S was given 2 Gm of strepto- 
mycin by mouth daily in doses of 025 Gm ever} 
three hours for three da}s before operation for 
carcinoma of the colon with subacute obstruction 
Bacterial counts made before treatment showed 
1,300,000 organisms on nutrient agar, 16,000,000 m 
anaerobic culture medium and 10,000 colon bacilli on 
MacConkey’s medium Feces passed during the first 
twenty-four hours of therapy contained 650 micrograms 
of streptomycin per gram, the number of bacteria on 
nutrient agar and on culture medium for anaerobes was 
unchanged, but colon bacilli were absent Stools passed 
during the second t\\ent\-four hours contained 850 
miciograms per gram with the bacterial growth about 
the same, no colon bacilli grew 

Casf 12 — Mrs R H nas gnen the same daily dosage 
of streptomvcin as in case 11 for two dais before opera- 


Table 3 (case 9, J S ) — Effect of Paientcial Tliciapy on Vnnaiv Floia 



Urine 


Total 





Volume, 

Micrograms 

Aerobic 

Cohforin 

Hemoly tic 

Anaeiobic 

Day Dose, Gm 

Cc 

per Cc 

Count 

Bncilli 

Bncilli 

B icterui 

Before treatment 



5,000,000 

000,000 

500,000 

700,030 

1 1 intramuscularly 

1,100 

llo 

0 

0 

0 

Present 

3 1 intravenously 

980 

770 

0 

0 

0 

Present 

4 1 intravenously 

2 170 

120 

0 

0 

0 

Present 

6 1 intravenously 

3,0o0 

130 

3,200 

0 


Present 

Two days after treatment 


0 

2,000,000 

0 

0 

Very few present 

Nine day s after treatment 


None 

2,000,000 

0 

0 




Table 4 (case 10, J W ) 

— Effect of Pat cut cial Therapy 

on Floia 

of the Ut me 


Day 

Dose, Gm 

Urine 

Volume, 

Cc 

Micrograms 
per Cc 

Total 

Aerobic 

Count 

E Cob 

Hemoly tic 
Cocci 

Anaerobic 

Bacteria 

Before treatment 

1 2 intramuscularly 

1,450 

150 

7,000,000 

0 

5,000,000 

0 

2,000,000 

0 ' 

1,000,000 

Present 

2 

2 intramuscularly 

1,320 

1,700 

0 

0 

0 

0 

3 

l intramuscularly 

2,000 

300 

0 

0 

0 

Present 

6 

1 intramuscularly 

1,200 

300 

18,000,000 

0 


Present 

8 

2 days after treatment 


13 

32,000,000 

0 

8,000 

Present 

15 

9 days after treatment 


None 

8,000 

0 

0 

Present 


old (Reimann, Elias and Price 1 case 5 ) oral ad- 
mimstiation of 4 Gm daily caused from 10,000 
to 20,000 nucrograms of streptomycin to appear 
per gram of the feces and eliminated both E 
typhosa and E coh from the feces during treat- 
ment, giving an almost odorless stool Both 
larieties of bacilli reappeared several days aftei 
oi al therapy was stopped, when only 40 micro- 
grams of streptomycin per gram of feces re- 
mained It was suggested that for intestinal 
infections susceptible to the effects of strep- 
tomycin, the drug should be given parenterally to 
control the systemic infection and orally to 
sterilize the feces and prevent reinfection 
The results also suggested that streptomycin 
may be of value to reduce the number of sus- 
ceptible bacteria in the intestine prior to sur- 
gical operation With this m mmd the following 
patients were treated and studied 


tion for carcinoma of the colon with subacute obstruction 
Before therapy too man} bacteria to count grew on all 
three mediums After twenty-four hours of treatment 
the stools contained 3,200 nucrograms per gram uith a 
reduction to 1,000,000 colonies on nutrient agar and 
slight reduction, to 100,000,000 on anaerobic mediums, 
but no colon bacilli grew The next day, with 600 
nucrograms per gram, the count was 400,000 on nutrient 
medium, there was no reduction in anaerobic culture 
and again no colon bacilli 

In these 2 patients, 600 micrograms of strep- 
tomycin per gram of feces was enough to elim- 
inate colon bacilli At operation the surgeons 
found the bowel not distended and well pi epared 
for operation 

Case 13 — Mrs K S , aged 65, a diabetic patient with 
carcinoma of the colon, was given 1 Gm orally 
for seven days The amount of streptomycin in the feces 
varied from 1,000 to 5,800 micrograms per gram but 
was without effect on the numbers of any bacteria, 
including E coh, as compared with a sample plated 
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before treatment Dosage was increased to 2, 3, 4, 5 
and finally 6 Gm at intervals of several days At 
5 Gm the amount of streptomycin rose to 16,000 micro- 
grams per gram but again without significant influence 
on the numbers of bacteria, as shown m table 5 

Only after the dose of 6 Gm were the counts sig- 
nificantly reduced The failure to eliminate these colon 
bacilli was perhaps accounted for by their resistance 
to streptomycin, they grew on agar containing 200 
micrograms of streptomycin per cubic centimeter, while 
growth of colon bacilli in cases 11 and 12 was inhibited 
by 6 micrograms 

Case 14 —Mrs B E , aged 65, with carcinoma of the 
colon, had a count of 4,000,000 aerobic bacteria and 

3.000. 000 E coli She received 5 Gm of streptomycin 
daily for two days After twenty-four hours of treat- 
ment no aerobic bacteria and no colon bacilli grew 
Anaerobic bacteria were unaffected On the first and 
second days 400 micrograms and 760 micrograms of 
streptomycin respectively were present per gram of feces 

Case 15 — E B , with carcinoma of the colon, had 

10.000. 000 anaerobic bacteria and 6,000,000 E coli per 
gram of feces He was given 5 Gm of strepto- 
mycin orally for five daj s After forty-eight hours of 
treatment the number of aerobic organisms was reduced 


temic infections caused by certain giam-negative 
streptomycin-sensitive bacilli which are not in- 
fluenced by penicillin or sulfonamide compounds, 
since the amounts attained in the body b> 
paienteia 1 or oial administration often exceed 
the amounts needed to kill these bacilli on agai 
Yet for infections caused by relatively less sensi- 
tive bacilli, like E typhosa, the clinical lesults 
thus far reported are not as satisfactory as de- 
sued No benefit occuned m some instances 
m which the amount of streptomycin m the 
blood greatly exceeded the theoietic bactencidal 
level ear ly m the disease (case 1), and m 1 
instance (case 2) an apparent good lesult was 
obtained in infection with a strain of E typhosa 
which resisted 16 micrograms of streptomycin in 
vitro The matter is further complicated by evi- 
dence of considerable variation in resistance to 
stieptomycm (1 to 18 micrograms per cubic cen- 
timeter) of different strains of E typhosa , by 


Table 5 (case 13, K S) — Effect of Oral Thciapy on Resistant Bactcua m the Feces 



Oial Dosage, 

Weight Peccs, 

Micrograms 

Nutrient 

MaeConkey’s 

Anaerobic 

Days 

Gm 

Gm 

perGtn Feces 

Medium 

Medium 

Bacteria 

Pro treatment 

1 

1 

1S2 

2,700 

41.000. 000 

50.000. 000 

27,000,000 

70,000 

Uncountable 

7 

1 

41 

6,800 

270,000,000 

115,000,000 

80,000,000 

u 

J 

258 

9,100 

170,000,000 

125,000,000 

10,000,000 

i j 

4 

280 

3,700 

915,000,000 

78,000,000 

200,000,000 

la 

0 

o7 

10,400 

400,000,000 

100,000,000 

Many 

11 

5 

238 

5,200 

300,000,000 

120,000,000 

Many 

18 

0 

30 

1,900 

1,000,000 

250,000 

Present 


to 50,000 and colon bacilli to 0, 'while 3,300 micrograms 
of stieptomycm was present per gram of feces 

Case 16 — D R, with carcinoma of the colon, before 
ticatment had 1,000,000,000 each of aerobic bacteria 
and E coli per gram m his feces After one day of 
5 Gm of streptomycin, only 10,000 aerobic bacteria and 
no colon bacilli remained m the feces, which contained 
6,500 micrograms of streptomycin per gram 

The surgical aspects of the treatment and its 
effect m these patients will be the subject of a 
sepai ate i epoi t 

Streptomycin was given orally in doses of 5 Gm 
daily for seven daily to a patient with severe ulcerative 
colitis During therapy the number of stools lessened 
but the fever persisted unchanged 

TOXICITY 

In these studies the only evidence of toxicity 
of streptomycin was tiansient but severe head- 
ache m 2 patients tieated inti am uscularly (cases 
9 and 10), headache and a fall m blood pies- 
suie m 1 and erythema m 1 tieated mtraven- 
oush (case 3) 

COMMENT 

1 here is i cason to believ e that streptomycin 
lolds promise as a therapeutic agent for s)s- 


Table 6 — . Resistance to St? epiomycm of Bactena 
Isolated Du? mg this Study 


Case 

Strain 

Micrograms of 
Streptomycin 
Not Inhibitive 

Micrograms of 
Streptomycin 
Which Inhibit 


Stock, E typhosa 


1 

Epidemic* 

E typhosa 

4 

0 

1 H B 

E typhosa 

7 

9 

2 L B 

E typhosa 

10 

IS 

3 C M 

Br suis 

01 

05 

4GB 

Br suis 

01 

0 5 

5 A A 

Br suis 

01 

05 

7 B B 

B pyocyaneus 

75 

100 

S C G 

B pyocyaneus 

>200 



P morgana 

7 

S 

9 J S 

E coli 

2 

3 

10 J W 

E coli 

o 

0 

13 K S 

E coli 

>200 
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irregularities m the amounts of streptomvcm at- 
tained m the body with similar dosage m the same 
patient and m different patients , by the possi- , 
bility that intracellular bacteria may not be 
affected by the drug, by the possibility of the ’ 
development of drug resistance by the bacteria 
during treatment, by the possibility that the 
hydrogen ion concentration of autolysmg tissues ' 
and pus may be low enough to inactivate basic . 
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streptomycin, 5 and by the piobable vanation m 
the lots of streptomycin available at present 
In certain instances as much stieptomycm was 
measured m the blood aftei the injection of 
1 Gm intramusculaily as with 5 Gm given 
intravenously, and increases of dosage were_not 
always followed by proportionate increments in 
the blood Amounts in the blood did not exceed 
27 micrograms per cubic centimeter in any of the 
patients studied It is evident that many moie 
patients with typhoid tieated with streptomycin 
must be studied befoie its value can finally be 
assessed 

Even less can be said at piesent for the tieat- 
ment of brucellosis from studies in only 3 cases 
Despite the fact that Bi suis obtained from 
patient 3 was far more sensitive to streptomycin 
m vitro than E typhosa, no beneficial effect 
was apparent until sixty times the theoretic 
amount needed was attained in the blood Even 
then, the foity-eighth da\ of disease, a spon- 
taneous remission may have clouded the issue 
In case 4 recovery may also have been spon- 
taneous, but it appears very likely that the dis- 
ease was terminated by stieptomycm, although 
amounts of only 19 miciograms pei gram of 
blood were attained In case 5 no beneficial 
effect occurred, although the patient foi her size 
received more streptomycin pei kilogram than 
any other one Similar uncertain results were 
reported by Herrell and Nichols lg 

No benefit occuned in the patient with tubei- 
culous meningitis in whom as much as 20 micro- 
grams per cubic centimeter appeared m the 
spinal fluid Nevertheless, amounts of strep- 
tomycin theoretically inhibitive for certain bacilli 
do appear m spinal fluid duung parenteral 
therapy 

Streptomycin was an effective agent foi re- 
ducing the numbeis of oi eliminating certain 
gram-negative bacilli from the urine m several 
patients when it was injected parenterally, but, 
again, the problems of the irregular amounts 
of drug which appear m urine and of vari- 
ability of resistance of strains even of the same 
genus of bacteria arise Of two strains of B 
pyocyaneus, the one which was not eliminated 
by therapy was more than twice as resistant to 
the drug as the other In 2 other patients E 
coh, and in a third B proteus morgana, were 
promptly eliminated ivith ease The resistance 
to streptomycin on agai of various bacteria fiom 
patients m this stud} is presented in table 6 

5 Florej, H W The Use of Micio-Orgamsms 
for Therapeutic Purposes, Brit M J 2 635-642 
• (Nov 10) 1945 


Stieptomycm given oi ally promptly sup- 
pi esses oi eliminates drug-sensitive stiains of 
E coh and E typhosa and certain other bac- 
teria fiom the feces so long as an adequate 
amount is maintained therein Cessation of 
treatment is followed by rapid return of the 
flora, as ma) be expected, but even a temporary 
suppression is of value at tunes, paiticularly 
during intestinal opeiations Here again m the 
few patients studied there was evidence of 
great variability in the resistance of different 
stiains of E coh to streptomycin, in most cases 
they were suppressed or temporarily eliminated, 
but in 1 diabetic patient a strain resistant to 
200 micrograms per cubic centimeter of agar 
(the highest concentration tested) persisted m 
the stool despite the presence of 16,000 micro- 
grams per gram of feces Besides variation m 
bacterial resistance and in hydrogen ion con- 
centration the matter of uniform admixture of 
stieptomycm with feces must be considered 
Foi better distribution, small doses fed often 
aie piobably better than large doses at longer 
intervals No information is available about 
the amount of streptomycin which adheres to the 
uall of the bowel and of its effects on bacteria 
in the crypts or on the mucosal surface 

The relative value of streptomycin and other 
urinary and intestinal tract antiseptics, such as 
mandehc acid, sulfonamide compounds and peni- 
cillin, will have to be determined by further 
woik It can be said, however that strepto- 
m) cm is probably much less apt to cause toxic 
effects than the sulfonamide compounds It 
may approach even closei to being the ideal 
intestinal antiseptic than ones now used since 
it is poorly absorbed from the digestive tract 
it is nontoxic and eliminates certain pathogenic 
gram-negative bacteria from the feces 

SUMMARY 

Streptomycin seemed to be of value in the 
tieatment of 6 of 10 patients with typhoid re- 
ported on in this and in a previous study la , no 
improvement from therapy occurred in 2, and 
2 died Different strains of typhoid bacilli vary 
m then resistance to streptomycin There is 
evidence also that certain factors in the body 
inhibit the action of the drug or protect the bac- 
teria from its effects 

The results of treatment of 3 patients with 
brucellosis are inconclusive Recovery seemed 
related to therapy m 1 and doubtfully related 
m a second, and no benefit occuned in the third 
No effect was noted against tubeiculous men 
mgitis, but streptomycin appears in the spinal 
fluid m theoretically bacteriostatic amounts foi 
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certain bactena when injected parenteially, 
whethei the meninges aie nonnal 01 diseased 
Streptoni} cm in adequate dosage given pai- 
enterally promptl) suppiessed 01 eliminated B 
pyocyaneus, B pioteus morganu and E coli 
fiom the mine o£ seveial patients but only when 
these bactena wete of stiams susceptible to the 
amounts , of sti eptomycm piesent m the mine 
Streptomycin given oially promptly suppiessed 
01 eliminated E coli and ceitam othei bacteria 
m the feces duung therapy but failed to do so 
when the bactena were resistant to the amounts 
of drug present 


With sinnlai dosages, megulanties in the 
amounts of sti eptomycm in the blood, urine, 
spinal fluid and feces occtu m the same patient 
and in diffeient patients Within limits, the 
sensitivity of ceitam bacteria to streptomycin 
in ctiltuie mediums was not a leliable guide to 
the amount needed to suppiess them in the body, 
but with highly lesistant fonns, and occasionally 
with susceptible fonns, therapy was ineffective 
It is probable that ceitam factors m the bod} 
mtei fere with the bactenostatic action of 
sti eptomycm 



HEMOLYTIC STREPTOCOCCUS SORE THROAT 

DETAILED STUDY Or THE SIMULTANEOUS INFECTION OT A LARGE 
NUMBER Or MEN BY A SINGLE TYPE 

LOWELL A RANTZ, M D , WESLEY W SPINK, M D , and PAUL J BOISVERT, M D 

SAN FRANCISCO * MINNEAPOLIS NEW HA\ EN, CONN 


Clinicians interested m infectious disease are 
aware that the exposure of a group of human 
beings or animals to an infectious agent will be 
followed by the development of clinical syn- 
dromes of varying degrees of severity It is 
rarely possible to describe these phenomena m 
detail in human bemgs, since artificial inocula- 
tion is infrequently performed and since natural 
infection is usually unsuitable because the size 
of the infecting dose and the strain of micro- 
organism may be expected to vary fionj case to 
case These difficulties are paiticularly evident 
m the study of group A hemolytic streptococcus 
infections, since many serologic types are known 
to occur among these organisms 

One of us has previously described 1 cei tain 
clinical and immunologic aspects of the disease 
resulting from the simultaneous infection of a 
large group of men by a single t) pe of hemolytic 
streptococcus Clinical observations in that epi- 
demic were incomplete Recently another oppor- 
tunity for the study of a similar outbreak pie- 
sented itself This was a food-borne epidemic 
of type 1 hemolytic streptococcus sore throat 
which occurred among the patients of a laige 

> station hospital More than 250 cases of clinical 
infection were discovered A man woikmg m 
the kitchen who was a carrier of type 1 strepto- 
cocci in the nose and throat was believed to be 
the primary souice of the infectious agent On 
this occasion a smaller group of men was 
selected and studied in detail 

The laboratories of the Department of Medicine, 

1 Stanford University School of Medicine, were made 
available to the commission for certain studies 

This investigation was carried out during a field 
study b\ the Commission on Hemolytic Streptococcal 
Infections, Board for the Investigation and Control of 
Influenza and Other Epidemic Diseases in the Army, 
Preventive Medicine Service, Office of the Surgeon 
( General, United States Army 

1 (a) Bloomfield, A L , and Rantz, L A An 
1 Outbreak of Streptococcic Sore Throat in an Army 
1 Camp, JAMA 121 315 (Jan 30) 1943 (6) Rantz, 

, 1 L A Group A Hemolytic Streptococcus Antibodies 
. III A Studj of the Simultaneous Infection of a Large 
r Number of Men by a Single Type, Arch Int Med 

> i 73 238 (March) 1944 
fc 


MATERIALS AND METHODS 

Fifty-eight hospital patients, all suffering from func- 
tional gastrointestinal disease, were selected for stud} 
They were particularly suitable for this purpose, since 
a complete laboratorj work-up, including leukocyte 
count and erythrocyte sedimentation rate, had been 
previously performed in each case An analj r sis of their 
diets indicated that all had been equally eNposed to 
infection The first clinical evidence of the outbreak 
was noted on April 16, 1944 Each of the study group 
was carefully examined and materials from the throat 
obtained for culture on April 17 and 18 Those who 
were found to harbor hemolytic streptococci in the 
nasopharynx were accepted for more detailed stud}', 
including close clinical observation and serial cultures 
of materials from the throat, Dick tests, leukocyte 
counts, measurements of erythrocyte sedimentation rate 
(Westergren) and antifibnnolj'sm and antistreptolysin 
titrations 3 over a period of twenty-four to thirty days 
The isolated hemolytic streptococci were grouped and 
typed by the precipitin technics of Lancefield 4 

RESULTS 

Group A hemolytic streptococci weie dis- 
covered on the initial examination m the throats 
of 40 of the 58 men m the study group In 5, 
the organisms were not strains of the epidemic 
type, and these patients were not fuither con- 
sidered Thuty-five persons had presumabh 
become earners of type 1 organisms as a result 
of exposure to infected food 

It was not possible to determine all the factoi s 
that prevented the epidemic type from gaming 
lodgment m the throats of 40 pei cent of these 
men, but the most important factoi was the 
absence of tonsils These organs had been re- 
moved from 12, oi 52 per cent, of the uninfected 
but fiom only 2, oi 5 7 pel cent, of the infected 
men 

2 Boisvert, P J The Streptococcal Antifibrmol- 
ysin Test in Clinical Use, J Clin Investigation 19 65, 
1940 

3 Rantz, L A , and Randall, E A Modification of 
the Antistreptolysin Determination, Proc Soc Exper 
Biol & Med 59 22 (1945) 

4 Lancefield, R C A Serological Differentiation 
of Human and Other Groups of Hemolytic Streptococci, 
J Exper Med 57 571, 1933 Swift, H F , Wilson, 
A T , and Lancefield, R C Typing Group A Hemo- 
lj'tic Streptococci by M Precipitin Reactions in Capillary 
Pipettes, ibid 78 127, 1943 
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Sti eptococci of type 1 were present in the 
tin oat m huge numbeis foi at least one week 
m all but 2 patients A persistent cainei state 
may, theiefoie, be said to have been established 

Cluneal Obsetvations — Disease of widely 
vaiying degiees of seventy occuired among the 
men infected by the epidemic sti eptococcus 
The peitinent data aie summanzed in table 1 
The cases have been divided into gioups on the 
basis of the neaiest whole Falnenheit degree of 
the maximum lecorded tempeiatuie Subjective 
soie thi oat was piesent in eveiy patient whose 
tempeiatuie was gi eater than 100 F, m 60 pei 
cent of those with lessei degrees of fevei and in 
2 of the 5 whose tempeiatuies remained normal 
thi oughout 

Tonsillar and phaiyngeal exudate and tender 
antenoi ceivical adenitis have been the two most 
valuable signs foi the clinical recognition of 
hemolytic sti eptococcus soie thi oat The fre- 
quency of then occunence m this group was 
roughly correlated with the height of fevei, both 
being present moie frequently and in a moie 
definite foim in patients whose tempeiature 
leached 101 F One oi the othei of these signs 
was definitely piesent m all but 2 of the patients 
in whom a rise in tempeiatuie occuned The 
lattei men wei e definitely infected, since an anti- 
stieplolysin lesponse was demonstrated during 
convalescence Eithei exudate or adenitis was 
absent in several of the most severely ill patients, 
m all of whom the tonsils were intact In othei s 
these signs were discovered only by the most 
careful examination 

The disease in the definitely febrile patients 
ran a shoit course, the temperature being ele- 
vated for an aveiage of from two and five-tenths 
days m the most severely ill to one and two- 
tenths days in the least sick The objective signs 
in the throat and the adenitis persisted for one or 
two days after the fever had disappeared 

The total leukocyte count on the second day 
of the disease was mci eased m nearly all febrile 
patients and m a few of the afebule ones The 
number was coi related with the maximum tern- i 
perature, but a few men with a definite febrile ! 
illness failed to respond to the infection with an j 
mci ease of these cells m the blood The rate ' 
of erythrocyte sedimentation on the second day 
of illness was elevated for many patients 
and was gieatest for those patients with tempera- ‘ 
tures above 103 F A significant increase of' 
10 mm pei hour or more was observed m about, 
half of all patients and m 4 of the 11 m whomi! 
little or no fever was detected I 

Antibody Response — An increase m the 
amount of antifibrinolysm during convalescence 
was obseived m only 1 case This is m accord 1 
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with data obtained in other cases of type 1 
infections and may be correlated with the weak 
fibnnolysin produced m vitro by these organisms 
Seven of the 35 patients who became carriers 
of type 1 organisms and m whom definite evi- 
dence of infection was obtained had positive Dick 
leactions In none did a rash develop, and cuta- 
neous sensitivity was not lost during conva- 
lescence, indicating that antitoxin had not been 
foimed m response to the infectious process 
The serum antistreptolysin titer was measured 
on the second day of the illness and during con 
valescence There was no coi relation between 
the initial level of this antibody and the nature 
and severity of the clinical disease The aveiage 
final titer was somewhat highei in the more 
severely ill patients, but such an observation is 
without meaning unless it is correlated with 
the initial titer, as has been discussed elsewhere 11 
The ratio, — tlter - , is a convenient value 

initial titer 7 


Low Gi ade Injection — The clinical course of 
infection by type 1 hemolytic streptococci, as 
obseived during a food-borne epidemic of soie 
throat, has been descnbed and the great varia- 
tion in the clinical course of the disease empha- 
sized Senous nonsuppurative complications 
frequently are sequelae of acute streptococcic 
disease of the respiratory tiact, and, because it 
is believed that these processes may follow even 
the mildest infection, it is worth while to de- 
scribe m greater detail the nature of the disease 
observed in 11 of the study group m whom the 
temperature was nevei greater than 99 F The 
essential data are presented m table 2 

Malaise was minimal in all of these men, but 
definite subjective sore throat was present in 6 
Exudate and/oi adenitis of the cervical lymph 
nodes was discovered on physical examination 
of 7 men, including 2 whose throats were not 
subjectively sore Symptoms were lacking, and 


Table 2 — Summaiy of Clinical, Climcopathologic and Immunologic Obscivaiions on Eleven Men Who 
Became Caineis of Type 1 Hemolytic Sti cptococci and in Whom Minimal 

Systemic Reaction Occulted 


Total Leukocyte Erythrocyte Sedimen- Antistreptolysin Titer 







Count 

X 1,000 

totion Bat 

e, Mm /Hr 


k 



Maximum 

Subjective 


Tender 


a 4 

r 


Onset 

Maxi 



Temper 

Sore 

Tonsillar 

Cervical 

Before 


Before 


Infection, 

mum,t 

Fold 

Patient 

ature 

Throat 

Exudate 

Adenitis 

Infection 

Maximum 

Infection 

Maximum 

TJnits/Ce 

Units/Cc 

Increase 

1 

99 

Yes 

++ 

++ 

6 

8 

3 

19 

50 

125 

25 

2 

99 

Yes 

+ 

0 

5 

10 

2 

11 

50 

60 

00 

3 

99 

No 

+ 

0 

10 

10 

15 

6S 

50 

100 

20 

4 

99 

Yes 

0 

+ 

9 

15 

1 

7 

50 

125 

26 

5 

99 

Yes 

0 

++ 

7 

10 

2 

1 

50 

106 

33 

6 

99 

No 

++ 

0 

9 

12 

4 

4 

100 

100 

00 

7 

98 6 

Yes 

+++ 

+++ 

7 

12 

o 

7 

10 

50 

50 

8 

98 6 

Yes 

0 

0 

10 

11 

8 

22 

166 

625 

37 

9 

98 6 

No 

0 

0 

8 

9 

1 

1 

166 

166 

00 

10 

98 6 

No 

0 

0 

12 

12 

2 

2 

125 

125 

00 

11 

98 6 

No 

0 

0 

10 

18 

2 

2 

50 

50 

00 


+ indicates minimal exudate or adenitis, ++, definite easilj recognizable exudate oi modcratelj seveie adenitis, +++, very 
large amounts of exudate 


iwhich expresses this relationship A ratio of 
1 5 indicates that a significant antibody lesponse 
has ensued 

Such an increase m circulating antistreptolysin 
occurred in 66 per cent of the 35 men who 
[ became carriers of type 1 organisms and was 
i slightly greater m magnitude and frequency in 
S severely ill patients It was also observed after 
infection associated with no fever or with only 
1 a slight febrile reaction Exudate and adenitis 
! were completely absent in 3, and minimal m 4, 
in which an antibody response was discovered 
Four patients were febrile, and leukocytosis was 
1 Jemonstrated in each 

Four other febrile patients failed to exhibit 
antistreptolysin response Tonsillar exudate 
"(• 1 in d cervical adenitis were minimal but definite 
t i n 3 and extensive m the fourth A significant 
y i ‘levation m the leukocyte count and erythrocyte 
. c edimentation rate was observed in 3 


the physical examinations simultaneously le- 
vealed nothing significant m only 3 cases 

The tissue reaction to infection, as measuied 
by the increase in total leukocyte count and 
eiythrocyte sedimentation rate, was minimal m 
this gioup of low grade infections The lattei 
value was elevated for 3 patients , for 1 present- 
ing practically no other signs of infection, to an 
extreme degree 

A significant inci ease m the serum antistreptol- 
ysin titer occuired dui mg convalescence m 6 
cases, and m 2 others there were definite clinical 
signs of infection Clinical and/or immunologic 
evidence of tissue reaction to the epidemic strep- 
tococcus was lacking m only 3 of the whole group 
of 35 who became carriers, and a sharp increase 
m the total leukocyte count occurred in 1 of the 
latter 

Complications — Suppurative and nonsuppura- 
tive complications were notably infrequent m 
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men infected during the outbieak It is partic- 
ularly impoitant that lheumatic fevei was nevei 
a sequel to the disease, although more than 250 
infections were recognized clinically throughout 
the hospital 

Reinfection — Seveial liundied patients weie 
resident in the hospital at the time of the epi- 
demic, of whom 60 (m three waids) had gioup 
A hemolytic streptococcus soie throat due to a 
variety of serologic types These patients weie 
m various stages of convalescence and had pre- 
viously been under observation Forty -four 
were adequately studied aftei the epidemic, the 
others having been dischaiged fiom the hospital 
Type 1 streptococci weie isolated from the 
throats of 11 in whom this tyrpe had not pre- 
viously been present Sore throat and cervical 
adenitis, but not exudate, weie noted m 3 of 
this small group In 4 other patients an eleva- 
tion in the erythrocyte sedimentation rate fol- 
lowed exposure to the epidemic streptococci 

Type 1 streptococci were never recoveied 
from the nasopharynxes of 33 patients in the 
postepidemic period This does not establish 
the fact that they had not gained lodgment there, 
since most of these men were already carrieis of 
a different type and the selective isolation of a 
new strain under these circumstances is difficult 
The patients were, however, exposed to rein- 
fection A slight increase in temperature oc- 
curred in 3, m association with sore throat m 2 
Cervical adenitis developed m none In spite 
of these minimal clinical signs, an increase m 
total leukocyte count and/or erythrocyte sedi- 
mentation rate was demonstrated m 15 during 
the postepidemic period 

Minimal signs of infection were noted in only 
6 of this group of 44 patients, but laboiatory evi- 
dence of a tissue reaction to the different type 
of streptococcus in the absence of clinically 
demonstrable disease was discovered m 19 
These observations assume greater significance 
when it is realized that definite, clinically recog- 
nizable hemolytic stieptococcic sore throat devel- 
oped m 50 to 60 per cent of the remaining 
hospital patients who had not previously under- 
gone an infection by group A streptococci 

COMMENT 

Information has been accumulating foi moie 
than fifteen years 5 * which has indicated that 
group A hemolytic streptococcus infection of the 

5 Paul, J R , and others The Epidemiology of 

Kheumatic Fever and Some of Its Public Health As- 

pects, New York, Metropolitan Life Insurance Com- 

pany for the American Heart Association, 1943 


lespiratoiy tiact is intimately associated with 
the development of rheumatic fever Recent 
definitive studies 0 show that this serious dis- 
order occurs only as a sequel to infection by these 
organisms and, furthermore, that a potentially 
serious nonarthritic continuing disease process 
is initiated by such infection m many persons 
It has, therefore, become impoitant to describe 
the natural history of hemolytic stieptococcic dis- 
ease m detail Compaiative studies of natural 
infection aie difficult, because the size of the 
infecting dose and strain of the etiologic agent 
may vary from case to case This paper sum- 
manzes the results of clinical and laboratory 
observations of a food-borne epidemic of type 1 
hemolytic streptococcus sore throat m a military 
hospital Under these circumstances it is reason- 
able to assume that the same organism, ingested 
by each man in approximately comparable num- 
bers, was responsible for the outbieak 

Fifty-eight men, of whom 35 became carriers 
of the epidemic type, were studied clinically and 
bactenologically The others may not have con- 
sumed the contaminated food, but another factor 
appears to have been at work Tonsillectomy 
had been peifoimed appioximately 9 times as 
frequently among those men who did not become 
carriers as among those who did This observa- 
tion is to be contrasted with those made m the 
study of another large gioup of cases, m which 
the infection was caused by a variety of types 
of the organism and m which the absence of 
tonsils was not found to interfere with the de- 
velopment of streptococcic soie throat 7 Bloom- 
field 8 has pieviously noted the protection offered 
by tonsillectomy against infection by streptococci, 
but the observations recoided heie indicate thal 
the nature and type of the etiologic agent must 
be carefully defined befoie such studies can be 
compared and evaluated 

The clinical disease which occui l ed among the 
35 men who became carriers of the epidemic type 
vaned gieatly, and the cases could be divided 
into gioups on the basis of maximum tempera- 
ture When the temperature leached 101 F or 
more, the disease was usually “typical,” m that 
sore throat, tonsillar exudate, adenitis involving 
the anterior cervical lymph nodes, with tender- ' 

6 Rantz, L A , Boisvert, P J , and Spink, W W 
Etiology and Pathogenesis of Rheumatic Fever, Arch 
Int Med 76 131 (Sept) 1945 

7 Rantz, L A , Spink, W W , and Boisvert, P J 
Hemolytic Streptococcal Sore Throat The Acute Dis- 
ease, to be published 

8 Bloomfield, A L, and Felty, A R Bacteriologic 
Observations on Acute Tonsillitis with Reference to 
Epidemiology and Susceptibility, Arch Int Med 32 !■ 
483 (Oct) 1923 
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ness, leukocytosis and nici eased eiytlnocyte 
sedimentation rate were observed Either ton- 
sillar exudate or cervical lymphadenitis 01 both, 
was present in all but 2 of the febrile patients 
but was discovered in several only by careful 
examination by expei lenced clinicians It is 
probably fair to state that m oidinary practice 
the diagnosis of streptococcic soie tin oat would 
not have been made on clinical grounds for at 
least 25 per cent of this gioup of definitely in- 
fected patients In the absence of special 
laboratory and bacteriologic study, these men 
would usually have been supposed to suffer from 
a “virus” type of infection of the lespiratory tract 
Eleven patients in whom the maximum tern- 
peiature was nevei moie than 99 F were of 
gieat importance Generalized symptoms of an 
acute infection were almost completely lacking 
m these men In military practice they would 
not have been removed from duty and m civilian 
life would not, in all probability, have consulted 
a physician Definite clinical evidence of infec- 
tion was present in 8, and in several the total 
leukocyte count or erythiocyte sedimentation 
late was inci eased 

The serum antisti eptolysin titer was measuied 
at the onset of the acute illness and dui mg con- 
valescence A significant increase in titei was 
fiequently observed, even though the systemic 
leaction was slight or the physical signs usually 
associated with hemolytic streptococcus sore 
throat were minimal or absent An antibody 
lesponse did not occur after some of the most 
severe and typical infections 

The foregoing observations demolish ate that 
nearly all the persons who became carriers 
of the epidemic type of group A streptococci 
aftei exposure to infected food weie infected and 
that the syndi ome usually designated as follicular 
tonsillitis was frequently observed There were, 
however, many mild and atypical cases in which 
the correct etiologic agent would not usually 
have been lecogmzed m the absence of special 
laboratory stud) It is piobable that just such 
atypical diseases of the respiratory tract as these, 
occurnng as the result of non-food-borne natural 
infection, have been responsible for the initia- 
tion of the many instances of rheumatic fever 
and other types of poststreptococcic nonsuppura- 
tive disordeis m which a past history of infec- 
tion by those organisms has not been obtained 
The complete suppression of tissue invasion 
by hemolytic streptococci must be the goal of 
all control measures for the prevention of late 
complications Their eradication by technics 

* for the treatment of the acute phase of the dis- 

* ease ot the lespiratory tract must fail, because 


many infected persons will not become suffi 
ciently ill to require medical care and others 
will fail to present signs permitting the clinical 
recognition of the cause of the disease 

Suppuiative and nonsuppurative complica- 
tions, as sequelae to the disease caused by the 
epidemic streptococci, were found to be con- 
sistently absent, in contrast with the results of 
study of similar infections by a variety of other 
types dui mg the same season 0 This absence 
of complications is piobably the result of the 
failuie of the infecting stiam to elaborate some 
essential toxin oi other bacterial pioduct Snni- 
laily, this organism did not induce the forma- 
tion oi a rash m persons with positive Dick 
leactionsoi stimulate an antifibnnolysin response 
In spite of these deficiencies, the stiam was 
highly invasive, only 3 of the 35 men who became 
cairiers having escaped infection as determined 
by clinical and immunologic observations 

A number of men pieviously infected b) 
other types of group A streptococci were hos- 
pitalized at the time of the epidemic and weie 
exposed to reinfection Study of their cases 
levealed a curious phenomenon that desenes 
special consideration None of these men le- 
acted to the piesence of the new type with more 
than minimal clinical signs of infection, yet in 
nearly one half significant increase in the total 
leukocyte count and/or eiythrocyte sedimenta- 
tion late was demonstrated Previous infection 
by another type had pi evented the usual clinical 
signs of hemolytic streptococcus sore throat from 
developing but had not pi evented a tissue leac- 
tion as the lesult of invasion of the throat by the 
epidemic type 

Evidence has been pi esented elsewhere G which 
stiongly suggests that leinfection by new types 
of group A streptococci may be important in the 
pathogenesis of rheumatic fever and the othei 
phenomena following streptococcic infections 
The facts just stated suggest that such reinfection 
may often be unrecognizable clinically and may 
be demonstrable only by detailed bacteriologic 
study of the flora of the tin oat and by laboratory 
tests 

The results of this study show that the clinical 
signs and the course of hemolytic streptococcus 
disease of the lespiratory tiact may be highly 
variable and that the amount oi tissue reaction 
and degree ,of antibody response is not well 
correlated with the seventy of the illness The 
nature of the disease is gieatly altered by pre- 
ceding infection by strains of another type 
It is hoped that these observations may focus 
attention on the large group of cases of mild and 
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atypical streptococcic infection and on then 
potential impoitance in the causation of lheu- 
matic fever and othei disoi dei s now believed to 
be sequelae to infection by these oigamsms 

SUMMARY AND CONCLUSIONS 

A large numbei of men simultaneously exposed 
to infection by gioup A stieptococci weie 
studied 

Tonsillectomy appealed to oftei consideiable 
protection against infection by the epidemic type 


The disease pioduced in diffeient patients 
vaned gieatly in its seventy and m the amount 
of tissue leaction demonstiated 

Many examples of mild 01 clinically atypical 
disease were observed which would not usually 
be lecogmzed as instances of streptococcic in- 
fection 

Pievious infection by another type of gioup A 
stieptococcus profoundly modified the nature 
and couise of the disease pioduced by the 
epidemic type 



SMALL ADENOMAS OF THE ADRENAL CORTEX IN 
HYPERTENSION AND DIABETES 
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The principal observations generally leported 
concerning peisons with tumors of the adrenal 
cortex consist of obesity, purple striae of the 
skin, acne, polycythemia, osteopoiosis, imbal- 
ance of plasma electrolytes, diabetes, hyperten- 
sion and genital dystrophy These signs and 
symptoms have been observed m persons with 
adenomas and hypeiplasias as well as in those 
with carcinomas of the adrenal cortex, and the 
total pictuie is usually refeired to as Cushing’s 
disease or adrenogenital syndrome In general, 
even the benign tumors which produce this 
clinical entity occupy a large portion of the 
adrenal gland There are, in addition, as Keplei 
and Keating 1 have pointed out, a large numbei 
of small cortical adenomas which aie encoun- 
tered incidentally m the couise of routine autop- 
sies in persons m whom theie was no apparent 
clinical evidence of endocrine disease during life 
The investigations presented here were undei- 
taken in order to determine whether or not an 
examination of the clinical and pathologic data, 
in retrospect, would show the presence of certain 
endocrmologic disturbances not noted during the 
life of those patients This report contains a 
survey of 131 cases of small adenomas of the 
adrenal cortex encountered in the course of 9,000 
consecutive necropsies 

RESULTS 

Incidence, Age and Sex Distribution — The 
incidence of cortical adenomas in this series, 131 

The investigations were aided by a grant from the 
David May-Florence G May Fund 

This article is based entirely on investigations con- 
, ducted at Snodgras Laboratory, City Hospital and 
Laboratory of the Jewish Hospital in St Louis 
1 This article has been released for publication by the 
1 Division of Publications of the Bureau of Medicine and 
Surgery of the United States Navy The opinions and 
views set forth are those of the writers and are not to 
be construed as reflecting the policies of the Navy De- 
' partment 

1 r A. ^ c P^ er > ^ I > an d Keating, F R , Jr Diseases 
of the Adrenal Glands Tumors of the Adrenal Cortex, 

, Diseases of the Adrenal Medulla and Allied Distur- 
bances, Arch Int Med 68 1010-1036 (Nov) 1941 


cases in 9,000 autopsies, is 1 45 per cent How- 
ever, since these necropsies were performed by 
many different persons, it is probable that there 
u ere many instances in which small tumors were 
missed or not recorded and that the actual fre- 
quency with which these tumors occur probably 
is slightly higher Seventy-one of the adenomas 
(54 2 per cent) occurred in males, while 60 


Table 1 — A Comparison of the Age Distribution in 
One Hundred and Thu ty-One Cases of Adenomas 
of the Adrenal Cortex with That in Nine 
Thousand Autopsies 


Age by 
Decades 


Age Distribution in 
131 Cases of 
Cortical Adenoma 

f . A 

Number Per Cent ' 


Age Distribution in 
9,000 Consecutive 
Autopsies 

A umber P er Cent 


Premature 
0 9 
10 19 
20-29 
30 39 
40-49 
50-59 
GO-69 
70-79 
SO 89 
90-100 


0 

1 

0 

0 

2 

18 

34 

43 

18 

15 

0 


0 

08 

0 

0 

1 5 
13 7 
26 0 
32 8 
13 7 
11 5 
0 


270 

675 

234 

441 

729 

1,125 

1,719 

1,935 

1,449 

3S7 

36 


30 
75 
2 6 
49 
8 1 
12 5 
191 
21 5 
161 
4 3 
04 


Total 


131 100 0 9,000 


100 0 


(45 8 per cent) were observed m females Since 
the male to female ratio m our series is about 
4 1, the incidence of adienal adenomas m rela- 
tion to sex is 2 per cent m females and 1 2 per 
cent m males 

A comparison of the age distribution in the 
9,000 necropsies with that m the 131 cases of 
adenomas of the adrenal cortex is shown in table 
1 It can be seen that only 3 patients with ade- 
nomas were found below the age of 40 years, 
aftei which there was a giadual rise m the inci- 
dence until a peak was reached m the decade 
between 60 and 69 years, this was followed by 
a decline in the next two decades While these 
figures alone might imply a gradual rise in the 
incidence of these tumois, with a maximum 
being reached during the seventh decade, a com- 
parison with the age distnbution m autopsies in 
general shows that both have a similar curve 
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However, the possibility that there is such an 
increase in incidence with increasing age cannot 
be definitely eliminated by this comparison 
Anatomic Chat actei istics — As just stated, we 
studied small adenomas which were incidentally 
found at necropsy These varied from small 
microscopic nodules (3 instances) to tumors ap- 
proximately 6 cm in diameter (1 instance) The 
average size was about 1 cm in diameter Repre- 
sentative gross sections are shown in figure 1 
In 68 instances there was a record of the side 
on which the tumor was found In 21 cases 
(31 per cent) it was found on the right side 
and m 34 cases (50 per cent) on the left side, 
while there were 13 instances (19 per cent) in 
which bilateral adenomas were observed Mul- 
tiple nodules in a single gland were found m only 
2 specimens 



tissue adjacent to the tumOr-,^ 
adenoma frequently appeared paldt^n^. e 
neighboring cortical tissue when the sectionA?^ 
examined with the naked eye or the hand lens 
The second type of cortical cell generally showec 
a centrally located nucleus more vesicular thar 
that seen in the first type, and the cytoplasn 
was either homogeneously eosinophilic or con- 
tained finely dispersed lipid droplets The rela- 
tive numbers of each cell type varied m differew 
tumors, but, in general, the first type predomi- 
nated, although occasionally they were present u 
approximately equal numbers In figure 2 then 
is shown a tumor in which the vacuolated type o 
cell was predominant, but islands of smaller solic 
cells were also present, and these are mdicatec 
by arrows 
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log 1 — Gross appearance of cortical adenomas on cross section (Specimen on the extieme left is a cros 
section of a normal adrenal gland ) 


Microscopically these nodules were sharply 
demarcated but not definitely encapsulated In 
no instance was there any evidence of malignant 
invasion The general morphologic structure of 
the individual cells was essentially similar to that 
of the cells forming the cords of the adrenal cor- 
tex There was usually some distortion m the 
cellular outline, apparently due to the resistance 
of neighboring structures to the new growth 
The cordhke arrangement of the cells had under- 
gone varying degrees of distortion In some areas 
the cords, although distinctly visible, appeared 
angulated, arched and of varying length The 
cords failed to arrange themselves in paiallel 
lows In other areas the cord arrangement was 
entirely obliterated The cortical cells composing 
the adenomas were of two types The first of 
these contained either a centrally or eccentrically 
placed hyperchromatic nucleus and cytoplasm 
filled with medium-sized and laige-sized lipid 
vacuoles The lipid v acuoles were usually larger 
than those seen m the cells of the noimal cortical 


DISEASES ASSOCIATED WITH SMALL ADENOMAS 
OF THE ADRENAL CORTEX 

A survey of the clinical data showed hyper- 
tension and diabetes to be the only diseases occui - 
ring with sufficient frequency to wairant an 
analysis of then relation to these small tumors 
of the adrenal cortex Accordingly, we are pre- 
senting the data used to determine whethei or 
not these diseases occurred with significantly 
greater frequency in persons with cortical ade- 
nomas than m the general group of autopsy 

1 Hypertension — Both clinical and necropsy 
data were used in order to determine the pres- 
ence of hypei tension The determination of clin- 
ical evidence of hypertension was patterned ac- 
cording to certain of the 'criteria used by Mas- 
ter, Marks and Daclc, 2 whose data we have also, 

I 

2 Master, A M , Marks, H H , and Dack, S ' 
Hypertension in People over Forty, J A M A 121 > 
1251-1256 (April 17) 1943 
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*iipare with ceitam of oui observa- 
-two divisions of the clinical group were 
.iade, (a) those patients with a blood piessure 
of 140 systolic and 90 diastolic or over and ( b ) 
those with a diastolic piessuie of 95 or ovei 
The pathologic evidence for the existence of hy- 
pertension was the piesence of cardiac hyper- 
trophy (weight of the heait m excess of 350 
Gm ) m the absence of a valvtilai or myocardial 
lesion other than infarction due to coronary oc- 
clusion No attempt was made to compare this 
evidence of hypertension with the sphygmomano- 
metnc data recorded m the clinical history of 
the 9,000 subjects studied by autopsy Many of 
these were seen for the fiist time when they weie 
dying, when the evaluation of the preexisting 
hypertension was extremely difficult Instead, 
our autopsy data are compared with the data on 


decades, it may be noted that there was definitely 
an mciease after the age of 60 as compared with 
pievious decades, although theie were some 
minoi fluctuations which were probably not 
significant but which were always above the per- 
centages found m eaiher decades 
As far as the 131 patients with cortical ade- 
nomas are concerned, there were 100 for whom 
complete clinical data were available foi com- 
parison with the necropsy obseivations Seventy 
of these showed evidence of some degree of hy- 
pertension, while for 30 there were no clinical 
and pathologic evidences In addition, there were 
22 others m whom definite caidiac hypertrophy 
was pi esent but for whom there were insufficient 
clinical data to determine the presence of a hyper- 
tensive state Finally, there were 9 subjects who 
had to be eliminated because of valvular lesions 



Fig 2 — Photomicrograph showing large areas composed of the vacuolated type of cell and smaller areas 
indicated by arrows, composed of the more solid type of cell (x 100) 


living persons reported by Master, Marks and 
Dack and covering approximately 15,000 pa- 
tients This comparison is shown in table 2 
From the data of Master, Marks and Dack 2 
it was determined that when the less critical 
> , criterion for the presence of hypertension 
,was used (blood pressure 140 systolic and 90 
i 1 diastolic) , over half of the patients examined 
showed evidence of hypertension On the other 
phand, when the more critical basis was employed 
1 1 (diastohc tension over 95), the percentage of 
( ^ those with hypertension fell to 22 4 The latter is 
j 2 , more in agreement with the figure obtained by us 
<~ c , on t ' ie basis of cardiac hypertrophy, namely 13 9 
per cent As to the percentages in various 


which produced a cardiac hypertrophy and ab- 
normality in blood pressuie 

The data showed a greater increase in the inci- 
dence of hypertension m persons with adrenal 
adenomas than that m the general group exam- 
ined at autopsy, by whatever criteria were used 
If the less critical criterion (blood pressuie 140 
systolic and 90 diastolic) is used, there is an 
incidence of 70 per cent m the group with ade- 
nomas, as compared with 54 9 per cent m the 
clinical group presented by Master, Marks and 
Dack If a diastolic pressure m excess of 95 is 
used as the basis, the group with cortical ade- 
nomas shows an incidence of 42 per cent, as com- 
pared with 22 4 per cent m the clinical group 
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Finally, if a comparison is made on the basis of 
observations at autopsy, the group with adenomas 
shows an incidence of 72 9 per cent, as compaied 
with 13 9 pei cent in the geneial gioup examined 
at autopsy It should be noted that m 96 pei 
cent of the persons with adrenal adenomas hav- 
ing a blood piessuie of 140 systolic and 90 
diastolic or ovei there was evidence of caidiac 
hypei trophy at autopsy A further breakdown 
of the data foi the 100 persons with cortical 
adenomas according to the degree of hypei ten- 
sion shows that there were 70 with a blood 
pressure of 140 systolic and 90 diastolic or over, 
57 with 150 systolic and 90 diastolic or over and 
35 with a tension of 150 systolic and 100 dias- 
tolic or over Of the 13 with a blood pressure 
between 140 systolic and 90 diastolic and 150 

Table 2 


Fmall)', m presenting the data>^ 
we should emphasize that theie wett-teW^ ^ 
hypei tensive persons among the 92 persons \v**. 
adenomas of the adienal cortex (15 2 per cent) 
m whom there was also a lenal lesion to which 
the hypertension might possibly be attributed 
2 Diabetes — In the analysis of the data it 
was obseived that diabetes also occurred fre- 
quently m pei sons with coitical adenomas It 
was noted that there were 270 persons with dia- 
betes m the geneial gioup of 9,000 examined 
by autopsy, an incidence of 3 pei cent On the 
other hand, among- the 131 pei sons with coitical 
adenomas theie were 21 with pioved diabetes, 
or an incidence of 16 per cent Of these 21 
persons, 16 were also in the group with both 
clinical and pathologic evidence of hypertension 


■A Compauson of the Incidence of Hypei tension in a Clinical Gioup with That in an 
Autopsy Gioup and a Gioup with Adenomas of the Adienal Coitci 




Number of Percentage 


Ige of Hypertensive Persons 




Hyper 

of Hyper 


(Percentage bj DecadeM 



Number of 

tensive 

tensive 

t 






v 

Group 

Cases 

Persons 

Persons 

0 39 

40 49 

50 59 

GO 09 

70 79 

80100 

1 Clinical group * 










a Blood pressure 140/90 or over 

14,849 

8,148 

54 9 


30 0 

55 3 

714 

79 2 

815 

b Diastolic pressure 95 or over 

14,849 

3,320 

22 4 


11 0 

21 9 

27 7 

33 4 

30 7 

2 Autopsy group 










Cardiac hypertrophj 

9,000 

1,254 

13 9 

4 1 

17 5 

16 2 

23 0 

19 7 

22 0 

3 Adrenal adenoma group 










a Blood pressure 140/90 or over 

100 

70 

70 0 

500 

42 9 

OSO 

78 8 

91 8 

04 3 

b Diastolic pressuro 95 or over 

100 

42 

42 0 

0 

42 9 

52 0 

42 4 

41 7 

28 G 

c Cardiac hypertrophy at autopsy 

122 

89 

72 9 

00 C 

50 0 

72 i 

78 0 

838 

66 6 


* Tho clinical group was obtained by combining the data lor tho two sexes in the article by Masters, Marks and Dack 2 
t These figures were obtained by dividing the number of hypertensne persons in a gnen decade by the total number of 
persons (normal plus hypertensive) for that decade 


systolic and 90 diastolic, only 3 failed to show 
evidence of cardiac hypertrophy As far as the 
percentages at various decades are concerned, the 
relation m the group with adrenal adenomas is 
essentially similar to that seen in the general 
clinical and autopsy groups The apparent ex- 
ception is m group 3 B (table 2), but this is 
probably not significant and may be due to the 
relatively small number of patients 

When the hypertensive persons are grouped 
according to decade (table 3), it can be seen 
that the greatest incidence m all groups generally 
lies between the ages of 40 and 69 More spe- 
a/icahy, it may be noted that in the four groups 
comprising this study the maximum number is 
reached m the seventh decade of life m three of 
them and m the sixth decade m one In the 
clinical group of Master, Marks and Dack, both 
subclassifications show a maximum between the 
ages of 40 and 49 While the incidence of hyper- 
tension is apparently higher after the age of 60 
m all groups, including those w ith adenomas of 
the adrenal cortex, the greatest incidence m a 
given decade is reached before the age of 70 


and 3 others m the group with cardiac hyper- 
trophy without sufficient clinical evidence of an 
elevation m blood pressure, while only 2 were in 
the unclassified group Thus, as m the case of 


Table 3 — A Compauson of the Age Distiibution of the 
Hypei tensive Persons in Vanous Gioups 


1 Clinical group 
a Blood pressure 140/ 

90 or over 

b Diastolic pressure 
95 or over 

2 Autopsy group 
Cardiac hypertrophy 6 9 

3 Adrenal adenoma group 
a Blood pressure 140/ 

90 or over 1 4 

b Diastolic pressure 
95 or over 

c Hypertrophy of 
heart 2 2 


40 40 

50 59 

GO 09 

70 79 

80-100 

28 0 

25 2 

25 5 

15 G 

57 

30 0 

24 5 

24 3 

161 

5 0 

141 

19 8 

318 

20 4 

7 0 

86 

24 3 

371 

15 7 

12 9 

171 

314 

28 0 

14 3 

80 

90 

225 

35 9 

191 

11 2 


Percentage of the Total Number of 
Hypertensive Persons 

0 39 


hypertension, a comparison of the incidence of I 
diabetes m the general autopsy group and m the,' 
group with adrenal adenomas shows an approxi-' 
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v-rolcl increase in the incidence in the 
j U ] a t e 6ver the former In addition, in almost all 
mstances in which diabetes was present in asso- 
ciation with an adenoma evidence of hyperten- 
sion was also present 

COMMENT 

The results presented here show that the inci- 
dence of adenomas of the adrenal cortex was 
at least 1 45 per cent m 9,000 autopsies 
and that there is no significant difference in inci- 
dence between males (12 per cent) and females 
(2 per cent) There appears to be an increase in 
incidence up to the decade of 60 to 69 years and 
then a gradual decline, although it is possible 
that this is only a reflection of the age distribution 
in the autopsies as a whole 

Anatomically the tumors vary from small 
microscopic nodules to growths which reach a 
diameter of about 6 cm , the average being about 
1 cm in diameter As stated, they are composed 
of two principal types of cells, the first with 
large lipid-contaming vacuoles occupying the 
cytoplasmic area and the second with finely 
granular or solid cytoplasm Ewing 3 has desig- 
nated these small tumois as focal hyperplasias, 
m contradistinction to the larger tumors, which 
are true adenomas According to him, the former 
may usually be distinguished from the latter m 
that the structure reproduces cortical zones 
whereas true adenomas have a typical neoplastic 
structure The so-called true adenomas are be- 
lieved to be relatively rare by Kelynack, 4 who 
found only 3 m 1,500 autopsies As stated, the 
architectural pattern in a single tumor may vary 
from slight distortion of the cords to their com- 
plete obliteration Thus there is probably no 
sharp distinction between focal hyperplasia and 
true adenoma on an anatomic basis 

Likewise, the functional distinction between 
small tumors of the adrenal cortex of the so- 
called clinically indifferent type and larger tu- 
mors which are associated with endocnnologic 
disorders is a relative one, since, as we have 
shown, even in association with the foimer hyper- 
tension and diabetes occur approximately five 
times as frequently as m the general autopsy 
group, and in many cases both diseases occui in 
the same person 

There exists considerable clinical and experi- 
mental endence of the relation of the adrenal 
cortical hormones to hypertension and diabetes, 
' but a careful evaluation of the clinical features 
is frequently difficult, particularly in the case of 

i ^ Ewing, J Neoplastic Diseases, Philadelphia, W 

B Saunders Company, 1941, pp 830-831 

4 Kelynack, cited b> Ewing 3 


hypertension There has often arisen some ques- 
tion as to the reliability of certain of the clinical 
criteria for the determination of the presence of 
this disease Wilburne and Ceccohm s have re- 
cently presented several reasons for widely dis- 
crepant figures on the incidence of hypertension 
namely, ( 1 ) a lack of agreement as to what blood 
pressure levels constitute arterial hypertension, 
(2) lack of rest periods during testing and (3) 
insufficient precautions for the elimination of 
such influences as dietary and psychic factors 
Recently Master, Marks and Dack i 2 stated that 
they consider the estimated incidence of hyper- 
tension in persons over 40 to be too high, and 
we have shown here that certain of their figures 
are considerably higher than those derived from 
observations at necropsy Pi oof of hypertension 
b) autopsy, as manifested by cardiac hyper- 
trophy in the absence of valvular lesions, myo- 
cardial disease or congenital defects, offers the 
most reliable criterion when it can be employed 

Oppenheimer and Fishberg G have reviewed 
the literature concerning the association of 
adrenal cortical tumors with hypertension since 
it was first observed by Neusser, 7 in 1898, and 
have presented a number of additional cases 
More recently Rinehart, Williams and Cappeller 8 
have studied 26 cases of essential hypertension 
and have observed nodular or adenomatous hy- 
perplasia in the adrenal cortex in a high per- 
centage of these cases On the other hand, 
Dempsey 9 has reported that m patients with 
essential hypertension the average weight of the 
adrenal gland was not significantly higher than 
m nonhypertensive control patients He studied 
a total of 102 patients, of whom only 19 were 
classified as being definitely hypertensive In 
all of this group there were only 9 with cortical 
adenomas, and of these only 3 were persons 
with essential hypertension From this small 
number it was concluded that nodular oi ade- 
nomatous hyperplasia of the adrenal cortex was 
not regularly found m association with essential 

5 Wilburne, M , and Ceccohm, EM A Note on 
the Incidence of Arterial Hypertension m 25,000 Army 
Examinees, Army M Bull, 1943, no 68, pp 118-125 

6 Oppenheimer, B S , and Fishberg, A M The 
Association of Hypertension with Suprarenal Tumors, 
Arch Int Med 34 631-644 (Nov) 1924 

7 Neusser, E , in Nothnagel, C W H Specielle 

Pathologie und Therapie, Vienna, A Holder, 1898, pp 
18 and 71 • 

8 Rinehart, J F , Williams, O O , and Cappeller, 
W S Adenomatous Hyperplasia of the Adrenal Cor- 
tex Associated with Essential Hypertension, Arch Path 
32 169-177 (Aug) 1941 

9 Dempsey, W S The Adrenal Cortex in Essen- 
tial Hypertension, Arch Path 34 1031-1034 (Dec) 
1942 
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hypertension and that it occuired with consider- 
able frequency in nonhypei tensive pet sons In 
general, each investigator has dealt with small 
numbers of cases, and the relation of these 
tumors to the total picture of the cause of hyper- 
tension could not be accurately evaluated Re- 
cently Castleman and Smithwick 10 examined 
by biopsy the kidneys of 100 patients with clini- 
cal hypertension and observed that in moie than 
half of them evidence of lenal vasculai disease 
was inadequate The small number of patients 
with renal lesions m this group of persons with 
adrenal adenomas similarly indicates that hypei- 
tension cannot always be accounted* for on the 
basis of pathologic changes m the kidneys It 
should be noted further that Castleman and 
Smithwick observed that 6 of the 100 patients 
studied were found to have cortical adenomas 
This incidence is in essential agreement with that 
of our much larger series, in which 89 of a total 
of 1,254 hypertensive patients (7 4 per cent) had 
this type of tumor Additional evidence showing 
a relation between the adrenal cortical hor- 
mones and hypertension is found in the experi- 
ments of Helfnch, Cassels and Cole, 11 who ob- 
served that cortical extract is effective in prevent- 
ing the usual fall in blood pressure when shock 
is produced, and in the observation by Loeb 12 
that m 4 patients receiving desoxycorticosterone 
for the treatment of Addison’s disease hyperten- 
sion developed In Loeb’s cases it was not 
known whether or not these patients had under- 
lying hypertensive disease masked by the Addi- 
son disease The ability of desoxycorticos- 
terone acetate to elevate the blood pressure to 
hypertensive levels is also demonstrated in the 
experiments of Rodbard and Freed 13 These in- 
vestigators showed that the injection of this sub- 
stance into previously hypertensive dogs caused 
pulmonary edema to develop, while m previously 
nonhypertensive dogs an elevation m blood pres- 
sure was produced which persisted for variable 
periods after cessation of injections 

Certain experimental observations suggest the 
possibility that the adrenal hormones (1) may 


10 Castleman, B , and Smithwick, R H The Re 

tion of Vascular Disease to the Hypertensive Sh 
Based on a Study of Renal Biopsies from One Hund: 
Hypertensive Patients, JAMA 121 1256-3 ' 
(April 17) 1943 L 

11 Helfnch, L S , Cassels, W H , and Cole, W I 
v-ortical Extract in the Treatment of Shock Prelu 
nary Report, Am J Surg 55 410-426, 1942 

, R F Adrenal Cortex Insufficiency, 

SJa yS1 ° l0gy 1 and Therapy ’ Chica ^ Amen, 
Medical Association, 1942, pp 287-305 

DcLvrr^ rd \ S ’ an ? Freed > S C T be Effect 
ffie D S ° n , e Acetate 011 the Blo °d Pressure 

ne U0£r » Endocrinology 30*365-368, 1942 



tender a pet son mote sensitivfe->-^^ ,24 

that they may be instrumental 
changes m the kidneys which would lean 
increased renin pioduction The former possi- 
bility’- is suggested by the experiments of Wil- 
liams, Diaz, Buich and Harrison, 14 who found 
that adienalectomized lats are noticeably less 
sensitive to lenin than noimal lats The latter 
possibility is presented in the experiments of 
Selye and I-Iall 13 These investigators observed 
that large doses of desoxycorticosterone acetate 
produced definite lenal changes m fowl and dogs 
similar to those seen m human patients with 
nephi osclerosis These changes were more 
leadily obtained m fowl, but could also be pro- 
duced in mammals, although it is probable that 
the lefractory state is much longer m the lattei 
than m birds Opposed to these interpretations 
is oui observation that m only 14 of the 92 
patients with adienal cortical tumors and evi- 
dence of hypertension (15 2 per cent) was there 
any’ degree of lenal damage to which the hyper- 
tension might be attributed It seems more likely 
that theie is a direct effect of the cortical hor- 
mones on vasculai tone, as indicated by the ex- 
periments on prevention of shock and that the 
tenal damage observed by Selye and Hall 15 is 
due to a toxic effect of large doses of desoxycoi - 
ticostei one 

The lole of the adrenal hormones in the pio- 
duction of a hyperglycemic state has been amply 
leviewed by Britton and Silvette, 16 Soskin, 17 
Kendall, 18 Evans 19 and Long, Katzin and Fry 20 
Suffice it to state here that it is now generally 
agieed that certain of the adrenal cortical hor- 
mones increase the rate of glyconeogenesis and 


14 Williams, J R , Diaz, J T , Burch, J C , and 
Harrison, T R The Relation of the Adrenal Glands 
to the Action of the Renal Piessor Substance, Am J , 
M Sc 198 212-219, 1939 

15 Selye, H , and Hall, C E Pathologic Changes 
Induced in Various Species by Overdosage with 
Desoxycorticosterone, Arch Path 36 19-31 (July) 1943 

16 Britton, S W , and Silvette, H The Adrenal 

Cortex and Carbohydrate Metabolism, m Cold Spring ! 
Harbor Symposia on Quantitative Biology, Cold Spring 1 
Harbor, L I, New Yoik, The Biological Laboratory,! 
1937, vol 5, pp 357-359 j 

17 Soskin, S Metabolic Functions of the Endocrine! 
Glands, in Luck, J M Annual Review of Physiology, 1 
Stanford University, Calif , Annual Reviews, Inc 1941 I 
vol 3, pp 543-572 

18 Kendall, E C The Function of the Adrenal!'' 

Cortex, in Glandular Physiology and Therapy, Chicago; 
American Medical Association, 1942, pp 273-286 ’< 

19 Evans, G The Adrenal Cortex and Endogenous 
Carbohydrate Formation, Am J Physiol 114 297-308,! 1 


20 Long, C N H , Katzin, B , and Fry E G 
The Adrenal Cortex and Carbohydrate Metabolism 
Endocrinology 26 309-344, 1940 
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j r „ans inci ease the blood sugar level 
5i J tly, it has been observed by Lukens, Flip- 
ftri and Thigpen 21 that of 55 patients with 
carcinoma, hypernephi oma, adenoma or hypei- 
plasia of the adrenal coitex 27 (49 per cent) 
showed an impaiied sugar tolerance compatible 
with a diagnosis of diabetes The frequent pres- 
ence of diabetes in association with cancers or 
large benign tumois of the adienal cortex has 
already been mentioned 

In view of the fact that of the 21 patients with 
adienal cortical adenomas and diabetes 19 also 
showed either clinical or pathologic evidence of 
hypertension, it is of interest to speculate whether 
these tumors elaborate a single hormone oi pio- 
duce the multiplicity of hormones m a manner 
similar to the normal adrenal cortex, but pei- 
haps m excessive amounts In the abundant 
literature on adrenal cortical hormones one finds 
evidence that desoxycorticosterone affects pri- 
marily salt and water metabolism, whereas corti- 
costerone and its derivatives affect primarily 
sugar metabolism through glyconeogenesis, as 
already stated, and the amorphous fraction affects 
renal function However, there may be some 
overlapping in these processes Clinically, de- 
soxycorticosterone is effective in raising the 
blood pressure of patients in shock, and it is also 
this substance which is suspected of producing 
hypertension in patients treated for Addison’s 
disease, but it is relatively ineffective in raising 
the blood sugar level This evidence would lead 
one to conclude that these tumors are probably 
able to elaborate more than one hormone and m 
this respect function in a manner similar to the 
normal adrenal cortex 


There remains, finally, to discuss the physio- 
logic roles of the two types of cells noted in 
histologic sections In 1942, in underfeeding ex- 
periments on guinea pigs, it was pointed out by 
Blumenthal and Loeb 22 that the degree of mi- 
totic activity m the adrenal cortex is m inverse 
ratio to the number of lipid vacuoles present in 
the fasciculate cells This principle has been ob- 
served to hold true by Blumenthal m a more 
' extensive series of as yet unpublished experi- 
( nients on guinea pigs It has also been noted by 


21 Lukens, F D W , Fhppin, H F , and Thigpen 
F M Adrenal Cortical Adenoma with Absence o: 
the Opposite Adrenal Report of a Case with Operatior 
and Autopsy, Am J M Sc 193 812-830, 1937 
' 22 Blumenthal, H T , and Loeb, L Two Antago 
, ] mistic Effects of Underfeeding on Adrenal Cortex o 
jj the Guinea Pig, Am J Path 18 615-631, 1942 

^° S c C ’, 9 ’ and Dalton, A J Changes in Lipoic 
content of Adrenal Gland of Rat Under Conditions o 
C \ctiwtj and Rest, Anat Rec 80 211-217, 1941 


Dosne and Dalton, 23 as well as by Selye, 24 that 
the amount of cortical lipid, as demonstiated by 
either a Sudan stain oi osmium tetroxide, defi- 
nitely decreases as the adrenal gland enlarges 
with increased activity More lecently Sarason 2u 
has observed a decrease m cortical lipids in 
human beings with overwhelming infection and 
cachexia, as well as m rats under certain experi- 
mental conditions In a second paper the same 
investigator 20 again observed a cortical enlarge- 
ment associated with decreased amount of lipid 
in inflammatory diseases, cachexia, pemphigus 
and protracted emesis This evidence suggests 
that under *these conditions there occurs a dis- 
chaige of lipid into the circulation and the cyto- 
plasm of cortical cells changes from the vacuo- 
lated to the more solid oi gianular state How- 
ever, Saiason was unable to explain the observa- 
tion that in hypertension there was a cortical 
enlargement associated with an mci eased amount 
of lipid 

It has recently been shown by Sayers, Sayers, 
White and Long 27 that 2 mg of pituitary 
adrenotropic substance produces a distinct low- 
enng of the adrenal cholesterol level in rate 
three hours after injection, while repeated injec- 
tions over a period of three days result in an 
increase in adrenal cholesterol concentiation 
above that of control animals This experiment 
may be interpreted as showing that the immedi- 
ate effect of a stimulus on the adrenal cortex is 
to release adrenal cortical hormones into the cir- 
culation, and it may reasonably be expected that 
this would be manifested histologically m the non- 
vacuolated, relatively solid type of cortical cell 
Subsequent injections of pituitary adrenotropic 
substance may result m a condition in which the 
process of storage of hormones exceeds the out- 
put, resulting in an increase in adrenal cholesterol 
concentration If subsequent stimuli continue 
to be strong, as for example m severe cachexia, 
the solid type of adrenal cell may remain predom- 
inant, because the adrenal hormones are prob- 
ably being discharged as rapidly as they are 
formed In interpreting the preponderance of 
vacuolated cells m the adenomas associated with 
hypertension, we suggest that there may be a 

24 Selye, H Studies on Adaptation, Endocrinology 
21 169-188, 1937 

25 Sarason, E L Morphologic Changes in the 
Rat’s Adrenal Cortex Under Various Experimental 
Conditions, Arch Path 35 373-390 (March) 1943 

26 Sarason, E L Adrenal Cortex m Systemic Dis- 
ease, Arch Int Med 71 702-712 (May) 1943 

27 Sayers, G , Sayers, M A , White, A , and Long, 
C N H Effects of Pituitary Adrenotropic Hormone 
on Cholesterol Content of Rat Adrenal Glands, Pro- 
Soc Exper Biol & Med 52 200-202, 1943 
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relatively weak but persistent stimulus similar 
to repeated small injections of pituitary extract 
m the experimental situation and that, while the 
storage of lipids exceeds the rate of discharge, 
the lattei may still be greatei than that in the 
normal adienal cortex The piesence of islets 
of solid cells m practically every coitical adenoma 
probably indicates the sites m which there is an 
active discharge of hoimones at the same time 
that the process of storage is going on in other 
ai eas 

SUMMARY 

The incidence of benign adenomas of the 
adrenal cortex m 9,000 routine autopsies was 
found to be at least 1 45 per cent The inci- 


dence was 2 per cent m females and 1 2 per cent 
in males There appeared to be a gradual in- 
crease m age incidence up to the seventh decade, 
although this may have been only a reflection of 
the age distribution of the autopsies as a whole 
Hypei tension and diabetes occurred five times 
as frequently m persons with cortical adenomas 
as m the general autopsy gi oup, and both diseases 
were frequently present in association with such 
a tumor m a single person 

The relation of the adrenal hormones to dia- 
betes and hypertension was studied, and hypoth- 
eses concerning the possible role of the vacuoles 
and solid cells comprising the tumors in the pro- 
duction and stoiage of these hoimones were 
foi med 
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Hemoglobineima with resultant hemoglobi- 
nuria is exhibited m several i aried clinical condi- 
tions Notably these aie (a) in a ceitam 
percentage of burns, (b) in some seveie infec- 
tious diseases, including the exanthemas, (c) 
after extended physical exertion, as is seen in the 
so-called march hemoglobinuria 1 of the soldier 
and probably more specifically a myoglobinuria , 
( d ) from organic toxins, such as venom, the 
deadly mushrooms and favism (a sensitivity le- 
action) — a disease which might appear in troops 
in Italy, especially southern Sicily, where the 
bean Vicia faba is plentiful, ( e ) in poisoning 
with chemicals such as toluylene diamine, saponin 
and photodynamic fluorescent hydrocarbons, 
including sulfonamide drugs and acridine dyes , 2 
( f ) in blackwater fever sometimes complicating 
malaria, ( g ) m some forms of chronic hemolytic 
anemia known as Marchiafavia-Micheh, 01 noc- 
turnal, hemoglobinuria 3 , ( h ) in severe caidiac 
decompensation, (?) from incompatibility in 
blood transfusions, {]) in reabsoiption from in- 
ternal hemorrhage, and ( k ) in certain cases of 
probable syphilis which develop hemoglobinui la 
in response to the formation and action of a cold 
hemolysin Possibly the phenomenon is present 
also in small degree physiologically, although 
when hemolysis occurs slowly and is not too 
great the hemoglobin is readily converted to 
bilirubin, from which the liver then pioduces 
urobilin 4 Also, up to a certain amount, hemo- 

1 Best, C H , and Taylor, N B The Physio- 
logical Basis of Medical Practice, ed 2, Baltimore, 
William Wood & Company, 1939, p 79 

2 Hueper, W C Reactions m the Blood and 
Organs of Dogs on Intravenous Injections of a Solu- 
tion of Hemoglobin, J Lab & Clin Med 29 628 

1 (June) 1944 

3 (a) Ham, T H Studies on the Destruction 
l of Red Blood Cells I Chronic Hemolytic Anemia 
, with Paroxysmal Nocturnal Hemoglobinuria, an In- 

vestigation of the Mechanism of Hemolysis, with 
Observations on Five Cases, Arch Int Med 64 1271 
(Dec) 1939 (b) Ham, T H , and Dingle, J H 

ty Studies on the Destruction of Red Blood Cells II 
r liChromc Hemolytic Anemia with Paroxysmal Nocturnal 
^ ] Hemoglobinuria , Certain Immunological Aspects of the 
2 v Hemolytic Mechanism with Special Reference to Serum 
^'Complement, J Clin Investigation 18 657 (Nov) 1939 


globin passed through the glomeiuh is taken up 
and conserved by the epithelium of the con- 
voluted tubules c A series of experiments for 
the study of hemoglobinuria G produced m dogs 
would indicate that the renal thieshold for dog 
hemoglobin varies greatly, with an average of 
about 155 mg pei kilogram of body weight 
This threshold was depressed by as much as 46 
pei cent on daily diminishing injections All 
types may be paroxysmal in natuie, but, gener- 
ally speaking, it would be well to limit the title 
of paroxysmal to the nocturnal and cold hemo- 
lysin phenomena Inasmuch as many troops are 
exposed to low temperatures (Arctic regions and 
high altitude flying), it is believed that the pres- 
entation of the pertinent findings for a patient 
suffering fi om the cold type of paroxysmal hemo- 
globinuria together with a leview of some of the 
hteiature relative to the subject might be of 
value 

The first published leport of a case of paroxys- 
mal hemoglobinuria was that of a 10 yeai old 
child with congenital syphilis piesented by Dres- 
sier in 1854 7 In this case, as ■well as m a similai 
one published by Elhotson in 1831 and in anothei 
by Stewart in 1794, 7 the condition -was cured with 
quinine, so it may have been caused by malaria 
In 1866 Pairy differentiated plain paroxysmal 

4 Jones, C M Study of Bile Pigments by Means 
of Duodenal Tube in Paroxysmal Hemoglobinuria, 
M Clm North America 5 1421 (March) 1922 

5 Lichty, J A, Jr , Havill, W H, and Whipple 
G H Renal Thresholds for Hemoglobin in Dogs, 
J Exper Med 55 603 (April) 1932 Havill, W H , 
Lichty, J A , Jr , Taylor, G B , and Whipple, G H 
Renal Threshold for Hemoglobin in Dogs Uninfluenced 
by Mercury Poisoning, ibid 55 617 (April) 1932 
Havill, W H , Lichty, J A , Jr , and Whipple, G H 
Tolerance for Mercury Poisoning Increased by Fre- 
quent Hemoglobin Injections, ibid 55 627 (April) 1932 
New'man, W V , and Whipple, G H Hemoglobin 
Injections and Conservation of Pigment by Kidney, 
Liver and Spleen, ibid 55 637 (April) 1932 

6 Gilhgan, D R , Altschule, M D , and Katershy, 
E M Studies of Hemoglobinemia and Hemoglobi- 
nuria Produced in Man by Intravenous Injection of 
Hemoglobin Solutions, J Clm Investigation 20 177 
(March) 1941 Lichty and others B 

7 Mackenzie, G M Paroxysmal Hemoglobinuria 
A Review, Medicine 8 159 (May) 1929 
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hemoglobmui la fiom malarious blaclcwatei fevei 
The same yeai Gull showed the 1 elation of 
chilling to the phenomenon 7 In 1880 Rosenbach 
originated the contempoiary Rosenbach test, 
producing hemoglobinuria m susceptible pel sons 
by immersing the feet in iced watei and then 
warming them In 1881 Ehrlich demon- 
strated, by detecting free hemoglobin m the blood 
drawn from a finger to which a tourniquet had 
been applied at its base and then immei sed in cold 
water, that hemoglobin was foimed locally m the 
part chilled, probably due to the production of a 
lysin by the endothelial cells of the suiface blood 
\essels He thus agreed with Lichtlieim (1876) 
who proved that hemoglobmui la is a result of 
excretion by the kidneys of hemoglobin that had 
been formed in the blood vessels and not, as had 
been previously believed, pioduced by the kid- 
ney 7 In 1904 Donath and Landstemer 8 made 
thorough seiologic investigations of the phe- 
nomenon and made clear the following facts ( 1 ) 
that a lysm is present m the plasma or serum of 
patients suffering from this disease which can 
unite with red blood cells only at low tempeia- 
tures, (2) that the hemolytic action takes place 
in two phases (a) the union of the lysm with 
the red cells at a low temperature and (b) lysis 
of the red cells on wainnng, (3) that complement 
is essential for the second phase of the reaction , 
(4) that the lysm is an isohemolysin and an auto- 
hemolysin, and (5) that the patient’s red cells are 
not hemolyzed by the seium of a noimal person 
of the same grouping (AB, B, A, O) These 
dictums of Donath and Landstemer, shown dia- 
giammatically in figure 1, aie acceptable today 
Most of the earhei workers realized the associa- 
tion of syphilis, preponderantly of the congenital 
type, with the disease, theie being syphilitic 
stigmas exhibited in about one thud of the cases 
Since the discovery of the Wassermann reaction 
(1906), pi oof of this association has become 
overwhelming In a review by Donath and 
Landsteinei, 9 theie weie 95 peisons with syphilis 
m 99 patients reported on It is apparent that 
theie may be two almost specific tissue reactions 
m infections with the Tieponema pallidum, one 
producing the “ieagm” of the Wasseimann re- 
action and the othei the “cold hemolysin ” In 
1925 Nanba 10 produced a cold hemolysin in 
rabbits by mti apei itoneal injections of emulsions 
of oigans (livei, kidney and spleen) of various 

8 Donath, J and Landstemer, K Ueber parox- 
ismale Hamoglobmurie, Munchen med Wchnschr 51 
1590, 1904 Mackenzie 7 

9 Donath, J , and Landstemer, K Ueber Kalte 
t Hamoglobmurie, Ergebn d Hyg , Bakt 7 184, 1925 

10 Nanba, M Ueber die hunsthche Erzeugung 
des Autohamolysms, Deutsche med Wchnschr 51 594 

( kpril 10) 1925 cited by Mackenzie 7 


animals It had been shown that similar treat- 
ment will pioduce a positive reaction to the Was- 
seimann test in rabbits Clinically, however, 
pi oduction of the “cold hemolysin” m syphilis is 
lare Wheieas it can be said that 95 per cent of 
the peisons with paroxysmal hemoglobmui la due 
to the cold hemolysin are also syphilitic, only 
a small portion of persons with syphilis exhibit 
paioxysmal hemoglobinuria Fiom the piactical 
view, the decided value of antisypliilitic therapy 
as a cure of the disease is somewhat convincing 
evidence of its causation Certainly it is a good 
guide for the clinician’s approach to the pi oblem 
it is to be emphasized that this important place of 
syphilis applies m only the cases of the disease 
due to the cold hemolysin and not to any of the 
other forms mentioned m the opening paragraph 
While the serologic phenomena aie qualita- 
tively unifoim, the signs and symptoms of the 
disease may vary consideiably Hemoglobinuria 
may develop readily in some susceptible peisons 
Thus Mackenzie 7 leported 1 patient suffeung 



Fig 1 — Mechanism of the cold hemolysin The lysm 
(+) in the plasma is fixed to the red cells (O) by 
lowered temperature, the necessary degiee of which 
depends on the individual susceptibility Complement 
(X) plus rewarmmg produces hemolysis of the lysm- 
fixed cells 


a paroxysm m New York city during July In 
other cases, as m the one reported m this papei , 
rathei extreme low temperatures were required 
The leaction, both the fixation of the lysm to 
the erythrocytes on exposure to the cold and the 
hemolysis of the led cells on wanning, piobably 
takes place m the surface vessels of the skin only 
The inhalation of extremely cold air or the di ink- 
ing of ice water will not precipitate an attack 
even m especially susceptible persons (Boas and 
Luzzati and Soigente, cited by Mackenzie), 
wheieas placing the hands or feet m ice water 
and then warming them, as m the Rosenbach test, 
may initiate a violent paroxysm Stevenson 11 

11 Stevenson, I P Paroxysmal Hemoglobinuria 
with Report of a Case, McGill M J 12 19 2 (Oct) 
1943 
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1 eported a case m which the 01 dinary Rosenbach 
procedure precipitated an almost complete anui la 
and the patient was critically ill for seveial days 
until renal function was gradually restored 
Such a reaction could well be due to casts of 
hematin obstructing the glomerulotubulai ap- 
paratus Aside from such extremes ai e the 
persons with latent disease m whom, usually 
persons with syphilis, no signs 01 symptoms 
exist but the Donath-Landstemer reaction of 
the blood is positive Also, there are subjects 
in whom chilling will pioduce an albuminuria, 
general malaise, anemia and a leukocytosis but 
no hemoglobinuria Thus, even though hemo- 
globinuria is not demonstrated clinically, in pei- 
sons with unexplained anemia and tiansitoiy 
albuminuria the disease should be suspected 
This is especially true if the patient is known to 
have syphilis Less commonly does the indi- 
vidual patient’s susceptibility vary, although it 
has been shown that the thermolability of the 
isolysin may vary fiom time to time in a given 
patient Yoike and Macfie 12 demonstrated that 
after frequent episodes of hemoglobinui la a 
patient’s serum may be negative to the Donath- 
Landstemer test, presumably due to the exhaus- 
tion of complement or to the formation of anti- 
complement From m vivo experiments, it is 
difficult to conclude whether the variety of re- 
sponses is due to changes in the complement oi 
the lysin Also, the influence of the length of 
time to which the patient is subjected to the cold 
stimulus may vary Yorke and Macfie showed 
that chilling for five to seven minutes lesulted in 
a greater hemolysis than did that for a period of 
thirty minutes They suggested that there might 
be some degradation of the lysm after long ex- 
posure to cold or that the longer time allowed a 
greater distribution of complement midpiece to 
more erythrocytes No entnely satisfactory ex- 
planation can be given for the symptoms 
presented by various sufferers, although it is 
probable that the titer of the lysin determines the 
severity of the disease The patient here re- 
ported on had no symptoms whatever during his 
attacks, even when, as in one paroxysm, the led 
cells fell to 2,510,000 and the hemoglobin content 
to 52 per cent In other cases general malaise, 
chills and weakness have developed Some 
patients exhibit pronounced vasomotor changes, 
such as a Raynaud syndrome, urticaria and 
i esicle formation in the epidei mis Albuminuria 
is a constant sign, and leukocytes and casts of 
pigment bodies are frequently found in the urine 
At times the blood pressure falls, and at others 


l 12 Y ? r \ C ’ W, and M acfie, J W S The Mech 
msm of Autolysis m Paroxysmal Haemoglobinur: 
Brit J Exper Path 2 115 (June) 1921 


it may become elevated Often the patient’s 
temperature inci eases 7 

The case here reported is that of a 26 year old 
white man just finishing training as an aerial gunner 
with a heavy bomber crew He had always been 
healthy and, indeed, had no untoward symptoms on 
presenting himself to the medical officer He stated 
that his mother suffered from a mild form of arthritis 
but had always been well otherwise The condition 
of his father, aged 53, and separated from the family, 
was unknown One half-brother died from suffocation 
in infancy There was no history of familial disease 
The patient had spent six weeks in Hawaii with the 
navy in 1932 but had had no illness during that time 
He had been married for six years, and his wife was 
well except for an indefinite cardiac complaint asso- 
ciated with fainting spells She had had one pregnancy, 
which resulted in a spontaneous abortion in the early 
weeks “due to a fall ” On induction into the army 
and on at least one routine check-up since, the reaction 
to the Kahn test of the blood had been reported nega- 
tive He had been proficient in his training, most of 
which had been at comparatively low altitudes, although 
temperatures as low as 21 F ( — 5 C ) had been 
experienced without difficulty Two weeks before com- 
plaining to lus flight surgeon, the patient had noticed, 
soon after landing from a high altitude flight during 
which temperatures as low as minus 6 F ( — 14 C ) 
had been reached, that the voided urine was black 
Inasmuch as he felt completely well and as anothei 
specimen of urine voided a little later was of normal 
color, the patient dismissed the incident He said that 
he had had moderate difficulty with the oxygen mask 
frosting on the flight, and he felt that this had been 
the cause He had been chilly while at the high alti- 
tude, in spite of the sheepskin-lined clothes worn He 
made similar flights on ten succeeding nights, and each 
time he voided one specimen of black urine three or 
four hours after landing On one occasion he noted that 
the urine passed immediately after landing was of normal 
color but urine voided three hours later was black 
On study, the patient appeared rugged and well The 
physical examination revealed a soft functional systolic 
murmur at the base of the heart, normal blood pressure 
readings and active pupillary, cutaneous and deep ten- 
don reflexes The reaction of the blood to the Kahn 
test was negative, but a Wassermann test asked for 
after this finding was reported as eliciting a positive 
reaction The red cell count was 3,580,000, with a 
hemoglobin content (Sahli) of 78 per cent and a leuko- 
cyte count of 6,300, normally distributed differentially 
The sedimentation rate was 20 mm in one hour These 
values were about the same on three successive exami- 
nations within the next four days The fragility of 
the red cells to saline solution showed hemolysis begin- 
ning at 0 42 per cent and complete at 0 36 per cent 
(within normal limits) The nonprotein nitrogen con- 
tent of the blood was 30, and the sugar content was 
93 mg per hundred cubic centimeters The reaction 
to the Donath-Landstemer test was positive, there 
being rather pronounced hemolysis of both the cells 
of the patient and the cells from a normal person of a 
similar group (A) by the patient’s serum The serum 
ot the normal control did not hemolyze the red cells 
of the patient Results of tests for isoagglutinins were 
negative The icteric index was 5 (Of special interest 
was the demonstration once again of the fact that the 
lysin is in the susceptible person’s serum and that this 
lysin leaves the serum to become fixed in the red 
cells when exposed to the cold Here, a 2 per cent 
saline suspension of the patient’s washed red cells was 
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mixed with an equal volume of his serum and refrig- 
erated for ten minutes at 4 C Immediately after re- 
frigeration the serum was drawn off and was used to 
perform a complete Donath-Landsteinei test, only the 
red cells of a normal person being used No hemolysis 
took place) The urine was clear and yellow, with a 
specific gravity of 1 007 and a pu of 6 5 It contained 
no glucose but did show a trace of albumin and an 
occasional leukocyte It is of interest to note that 
the acidity of this specimen of urine associated with 
a trace of albumin and some leukocytes in the sediment 
because, as will be seen, during a paroxysm induced 
later the urine became strongly acid, the albumin m- 
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perature of 21 F (— 6 C) for forty-five minutes 
Dui mg the latter exposure the patient complained of 
being chilly— “about the same as at high altitude” 
Blood counts and urinalyses before and after this 
chilling, demonstrating a paroxysm of hemoglobinuria, 
are recorded in table 1 A Photographs of the urine 
are shown in figures 2 and 3 After three days the 
erythrocyte count had returned to 3,640,000, the hemo- 
globin content to 70 per cent and the leukocyte count 
to 7,400, with polymorphonuclear cells 59 per cent, 
lymphocytes 30 per cent, mononuclears 12 per cent, 
eosinophils 5 per cent and myelocytes 3 per cent At 
the end of twenty days the red cells had returned to 


Tabix 1 — Compcinson of Condition of Patient Dumig Reft tgct ation Experiments 


Blood 


Elapsed Time 

Red 

Blood 

Cells 

Before refrigeration 

3,710,000 

After refrigeration zero 

3,6SO,O0O 

Vz hour 

3,700,000 

1 hour 

3,715,000 

1 % hours 

3 500 000 

2 hours 

3,420,000 

2% hours 

3,200,000 

3 hours 

3,000,000 

V/z hours 

2,510,000 

4 hours 

2,000,000 


5 hours 


—A 

-x 


White 

Homo r- 


Blood 

globm, 


Cells 

% 

Appearance 



A 

7,800 

72 

Clear, yellow 

4,950 

70 

Oloudy, straw 

5,100 

75 

Cloudy, straw 

4,800 

72 


5,500 

70 


0,200 

70 

Cloudy, straw 

7,600 

65 

Cloudy, straw 

9,400 

02 

Brown 

13,500 

52 

Very dark 

11,000 

55 

Slightly dark 


Clear, straw 


Urine 


Specific 

Gravity 

Albu 

mm 

Sugar 

Microscopic 

Pa 

1 014 

0 

0 

Negative 

60 

1 012 

0 

0 

Few white cells 

60 

0 012 

0 

0 

Few w hite cells 

60 

0 014 

0 

0 

Few white cells 

60 

1010 

Trace 

0 

Many white cells 

55 

1 021 

1+ 

0 

Many white and 

5 5 

1 022 

1+ 

0 

red cells and 
pigment casts 
Many white and 

55 

1 020 

1+ 

0 

red cells and 
pigment casts 
Many white and 

55 

1 010 

0 

0 

red cells and 
pigment casts 
Few white cells 

70 


Before refrigeration 
After refrigeration zero 
% houi 

1 hour 
1% hours 

2 hours 
2% hours 

J hours 
3% hours 
-t hours 
5 hours 


Before refrigeration 
After refrigeration zero 
% hour 

1 hour 
1% hours 

2 hours 
2% hours 

3 hours 

3V£ hours 

4 hours 


3.830.000 0,300 

3.800.000 5,100 

3.500.000 4,800 

3.750.000 5,100 

3.780.000 0,400 

4.040.000 7,100 

4.200.000 8,300 

4,180,0(10 7, GOO 

4.010.000 G,G00 

4.260.000 5,800 

4.100.000 4,900 


4.520.000 4,800 

4,GQO,000 4,500 

4.200.000 0,200 

4.120.000 G,600 

3.800.000 0,500 

3.810.000 7,800 

3.000. 000 9,000 

3.400.000 11,000 

4.000. 000 9,200 

4.120.000 S.700 


B 


70 

Clear, yellow 

70 

Clear, yellow 

65 

Clear, yellow 

68 

Clear, yellow 

70 

Clear, yellow 

70 

Clear, yellow 

72 

Clear, straw 

72 

Clear, yellow 

70 

Clear, yellow 

72 

Clear, yellow 

70 

Clear, yellow 


G 

76 

Clear, yellow 

75 

Clear, yellow 

72 

Clear, yellow 

70 

Oloudy, straw 

6S 

Cloudy, straw' 

62 


60 

Cloudy, straw 

58 

Cloudy, brown 

GO 

Cloudy, yellow 

66 

Clear, straw' 


1 012 

0 

0 

1 014 

0 

0 

1 012 

0 

0 

1 018 

0 

0 

1 014 

0 

0 

100S 

0 

0 

1006 

0 

0 

1 010 

0 

0 

1 012 

0 

0 

1 012 

0 

0 

1 010 

0 

0 


1010 

0 

0 

1 010 

0 

0 

1 010 

0 

0 

1 016 

0 

0 

1 020 

0 

0 

1020 

2+ 

0 

1 022 

2+ 

0 

1 018 

Traee 

0 

1 010 

0 

0 


Negative 

Negatne 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 


Negative 
Negative 
Negative 
Pew white cells 
Pew white cells 

Many white and 
red cells 

Many white and 
red cells 

Many white cells 
Negative 


75 
75 
75 
75 
75 
65 
65 
75 
75 
75 
7 5 


60 

00 

60 

60 

60 

55 

60 

70 

70 


i he blood and urinary findings during the refrigeration experiment on the patient’s admission and 
lrnrmfh^Smh.JriJnL 1 !! r are th e findings in the same experiment after rapid and pronounced alkalization of the 
has diminish^ tlie Orient protection In C the patient is still receiving alkali, hut the efficaciousness 

following the chilling and warming is well demonstrated in A and O See table 2 for 
-uonatn i^andsteiner tests corresponding to these expenments 


creased and blood cells and pigment casts appeared 
(table 1) On the succeeding days the urine was 
entirely normal and albumin free, and the pn varied 
from 6 5 to 7 5 At first, the patient was observed 
after he had sat on the open porch for thirty minutes 
with the temperature at 32 F (0 C ) Even though 
clothed in light summer underwear and trousers and 
a light woolen shirt, he did not become uncomfortable 
during the period nor did hemoglobinuria develop He 
i )' as ^ len Placed m a large storage refrigerator for one 
hour at 28 F (—2 C ), and again he had no untoward 
symptoms A few days later he was exposed to the 
same temperature for one hour, followed by a tem- 


4,360,000, with 70 per cent hemoglobin The sharp in- 
crease in the acidity of the urine to a pn of 5 5 was 
striking and worthy of discussion 

In his studies of the destruction of the red 
blood cells m cases of paroxysmal nocturnal 
hemoglobmui la (jHarchiafavia-Micheh type). 
Ham 3a surmised that the hemoglobinuria might 
be due to a decrease of the p u of the blood, it 
having been demonstrated that the carbon 
dioxide content of the blood was increased during 
the hypoventilation of the lungs during sleep 
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To combat this “acidity,” Ham administeied 65 
Gm of sodium bicarbonate during the twenty- 
foui hours pnoi to testing and found a pro- 
nounced reduction of hemoglobinuria in 2 cases 
It has also been observed that thorough alkaliza- 
tion of the mine is of benefit in combating the 
hemoglobinuria of blackwater fever 13 There are 
no reasons to believe that the carbon dioxide con- 
tent of the blood m the patient here reported was 
increased either during his flights at high altitude, 
when oxygen was used continuously above 10,000 
feet (3,000 meters), or during the refrigeratoi 


7 ' 7 / 


a 



Fig 2 — The graduate marked 1 is a photograph of 
the patient’s urine prior to exposure to the cold , 
graduate 2 illustrates the intensity of the hemoglobinuria 
occurring three hours after the exposure was stopped, 
and graduate 3 demonstrates the clear urine another 
two hours later 

■experiments Nevertheless, the urine became 
intensely acid It was this observation that 
prompted the decision to “alkalize” the patient 
and to repeat the experiment as shown m B of 
table 1 It is seen that after the administration of 
32 Gm of sodium bicarbonate in twenty hours 
the urme reached a p H of 7 5, the Donath-Land- 
stemer test was less positive and that hemo- 
globinuria with the associated blood changes did 
not develop during the exact reduplication of the 
refrigeration and warming However, a repeti- 
tion of the same experiment after the patient had 
been given 12 Gm of the alkali daily for a period 

13 (a) Baker, S L , and Dodds, E C Obstruction 
•of Renal Tubules During Excretion of Hemoglobin, 
Brit J Exper Path 6 247 (Oct) 1925 (6) Strong, 

R P Stitt’s Diagnosis, Prevention and Treatment of 
Tropical Diseases, ed 6, Philadelphia, The Blakiston 
Company, 1942, vol 1, p 160 (c) Circular Letter no 

56, Cm ted States War Department, Office of the Sur- 
geon General, Washington, D C , Government Printing 
Office, 1942 


of thnty days demonstrated a t elapse in spite of 
an alkaline urme During this period several tests 
levealed a positive Donath-Landstemer reaction 
In C of table 1 are recorded the phenomena of 
the “cold” hemolysin once more at work In table 
2 are shown the results of the Donath-Land- 
stemer tests done with each expemnent A, B and 
C of table 1 In D of table 2 is shown an isolated 
test done on rapid, intensive alkalization of the 
urme with sodium bicarbonate for the first time 
As the results of this test \\ ere entn ely negative 
it would appear that the drug was most efficacious 
when first administered, losing its effectiveness 
by degrees as time went on 

Several authois have studied the mechanism 
of hemoglobinuria and the effects of hydrogen ion 
concentration on it 14 It is probable that a vaso- 
dilatation of the capillaries 14a allows the large 
hemoglobin molecule (molecular weight 68,000) 
to pass through the renal glomerulus and into the 
tubule, where some reabsorption takes place •' 
The process of leabsorption maj depend on one 


; 



Fig 3 — The graduate marked 1 illustrates the hemo- 
globinuria two hours after flight, while graduate 2 
shows the urine three hours following exposure to the 
cold in the refrigeration experiment The hemoglo- 
binuria following the patient’s flight is more intense 

or both of two factors (a) the electrical charge 
carried by the protein molecule itself and (b) 
the charge carried by the tubule membrane, the 
electrical charge associated with the various 

14 Yuile, C L Hemoglobinuria, Phjsiol Rev 22 19 
(Jan) 1942 

14a Krogh, A The Anatomy and Physiology of Cap- 
illaries, New Haven, Conn , Yale Umversitj Press, 1929 
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hydrogen ion concentrations effecting changes m 
the permeability, alkalinity favoring arid acidity 
tending to prevent reabsoiption lj Vi ebster and 
colleagues 10 demonstrated, m experiments on 
fiog kidney perfused with hemoglobin solutions 
of various pn, that acidity increased and alkalinity 
decreased the elimination of hemoglobin They 
suggested that the more acid solutions increased 
the permeability of the glomeiular capillaries, 
letting more molecules of hemoglobin through, 
or that the lowei p H values changed the dissocia- 
tion state of the molecule, allowing it to pass the 
negatively charged glomerular membranes more 
easily Walbum 17 showed the effects of hydrogen 
ion concentrations on the hemolyzing properties 
of various bacteriolysms (Bacillus welclu, Clos- 
tridium septicum, Bacillus oedematiens and Bacil- 
lus tetam), using m vitro experiments on horse 


Table 2 — Results of Donath-Landstemer Tests 


Serum ot 
Patient, 
Cc 

Cells of 

Patient, 

Cc Hunoij sis 

A 

Serum of 
Patient, 
Cc 

Cells of 

Patient, 

Cc Hcmolj sis 

D 

' 010 

050 

Trace 

' 010 

050 

0 

0 20 

050 

1 + 

0 20 

0 50 

0 

0 30 

0 50 

1 

0 30 

0 50 

0 

0 50 

0 50 

2+ 

050 

0 50 

0 


B 



£ 













Trace 

010 

0 50 

0 

010 

0 50 

0 20 

0 50 

0 

020 

050 

1+ 

0 30 

050 

Trace 

0 30 

0 50 

1-r 

0 50 

050 

1+ 

0 50 

050 

2+ 


a 



F 



/ 





’ 010 

0 50 

Trace 

' 010 

0 50 

0 

0 20 

050 

1+ 

0 20 

050 

0 

0 30 

050 

1+ 

9 30 

050 

0 

0 50 

0 50 

2+ 

0 50 

0 50 

0* 


A shows the results of the Donath Landstemer test, 
increasing amounts of tho patient’s serum being used with 
a standard amount of a 5 per cent suspension of the patient’s 
nashed erythrocytes during the experiment of A m table l 
Ji and C are tho tests for experiments B and O in table 1 
D was done soon after sodium bicarbonate in large doses 
was given for the first time when the urine reached an 
alkalinity of over pit 7 5 It was the only time prior to 
completion of antisyphilitic therapy that the Donath Landstemer 
test was entirely negative B shows the test after half the 
oxophenarsmo hj drochlonde and bismuth subsalicjiate treat- 
ments had been received and F the result at the end of the 
entire course of therapy 


blood corpuscles He demonstrated an optimum 
and a minimum point for hemolysis, below and 
above which p H the degree of hemolysis would 
be increased or decreased respectively The hemo- 
lytic action varied for each bacteriolysm His 
work deserves gi eater investigation, with possibil- 
ities of valuable clinical application m therapy 
Baker and Dodds 13,1 showed that when the con- 


15 Risse, O , cited by Webster and others 10 
Id Webster, M D , Engel, F L , Laug, E P , and 
Atnberson, W R Influence of p n upon the Elimina- 
tion of Hemoglobin by a Perfused Frog’s Kidney, J 
Cell & Comp Phjsiol 5 399 (Dec 20) 1934 
17 Walbum, L E Importance of Hjdrogen Ion 
Concentration m Haemoljsis by Lysins of Anaerobic 
Bacteria, J Path & Bact 46 85 (Jan) 1938 


centiation of sodium chloride is 1 pei cent urine 
with a pn of below 6 0 will precipitate hemoglobin 
ui the kidney tubule, possibly causing obstruc- 
tion They showed that m vitro hemoglobin is 
tlnow n out of solution when the pn of the medium 
is not moie than 6 0 and the sodium chloride 
content 1 per cent or more They suggest alka- 
lization of the urme m all forms of hemoglobi- 
nuria— 1 blackwater fever, transfusion reactions 
and paioxysmal hemoglobinuria De Navascpiez 
disagreed with the theory of piecipitation of 
hemoglobin m the tubules when the urine is more 
acid He reported 2 cases of death following 
transfusion reactions in which no such mtra- 
tubulai piecipitation occuired in spite of an acid 
urme He stated that hemoglobin is excreted m 
both alkaline and acid urines piovtded the volume 
flow through the glomerulus is sufficient , m fact, 
he demonstrated a better elimination of hemo- 
globin and its products with acid urme when the 
volume flow was the same In the case here 
presented it is suggested (m D of table 2) that 
the p H of the kidney mine takes no part, oi at 
least its place is secondary, m paroxysmal hemo- 
globmuna It would seem that alkalization def- 
initely pi events the production of a hemoglobi- 
nemia somewhere m the lysm fixation-hemolysis 
mechanism Its action is somewhere m the per lph- 
eial blood oi blood vessels W Jacobi (cited 
by Krogh, Ila page 178) demonstrated that alka- 
line solutions placed topically on the web of a frog 
enhanced the vasoconstrictor action of epineph- 
rine Although he ascribed this phenomenon 
to a better absoiption of the epinephrine through 
the f log’s epidermis, such could not be the entiie 
case, for with the alkalinity the weak epinephrine 
solutions constricted vessels on which they ordi- 
narily would have had no effect even when placed 
dnectly on them Could it be that the increased 
alkalinity m the case of our patient initiated 
vasoconstriction synergistically with the epineph- 
rine of the blood so that either the endothelial 
cells could not produce the hemolysin or that the ; 
constricted capillaries of the glomeruli would not , 
allow the hemoglobin molecule to pass through ’ 
with the filtrate ? Inasmuch as the absence of ; 
hemoglobinuria after the use of sodium bicar- 
bonate, as demonstrated in B of table 1, would ' 
indicate that increased alkalinity had subdued the ; 
influence or the manufacture of the lysm, it is 
piobable that, should an increase m the action | 
of epinephrine be the responsible factor, the;, 
efficaciousness of the sodium bicarbonate lies in , 
its synergistic action with epinephrine on the / 
vasoconstrictor apparatus so that the lysm is not ! 

18 De Navasquez, S Excretion of Haemoglobin/ 
\Mth Special Reference to "Transfusion” Kidney J ! 
Path & Bact 51 413 (Nov ) 1940 



298 


ARCHIVES OF INTERNAL MEDICINE 


produced 01 that the lysm fixation-hemolysis 
mechanism is intei rupted m the penpheial ves- 
sels In A and C of table 1, it is cleaily demon- 
strated that erythrocytes, leukocytes and albumin 
appear m the uime before the hemoglobinuria 
develops This would seem to indicate strongly 
that some lesion is created m the glomeiulo- 
tubulai apparatus, piobably by the cold lysin, 
allowing the excretion of hemoglobin rathei 
than that the hemoglobin caused the lenal lesion 
As has been stated, it was Ham’s expenence 31 
with paioxysmal nocturnal hemoglobinui la that 
the impiovement effected by alkalization of the 
uime was tempoiaiy, there being a recurrence of 
the hemoglobinuria in spite of continued use of 
sodium bicaibonate He also discovered that 
theie was a sharp use in the hemoglobinui la in 
his 2 patients soon after the discontinuance of 
the drug It is remaikable that the effect of 
alkalinity should be of some efficaciousness in 
eithei case, and it is especially lemaikable that 
the two types of hemoglobinui la should be simi- 
larly affected In Ham’s woi k with the Marchia- 
favia-Micheli type, the lysm is mheient with 
the erythrocytes, while with the case of the “cold” 
hemolysin the lysm is the property of the serum — 
yet the two types aie affected alike by the use 
of sodium bicarbonate Although it would seem 
that alkalinity was the important factor in the 
changes brought about by the sodium bicarbonate, 
this statement cannot be made definitely, as the 
lesponsible agent may have been the sodium ion 
However, Baker and Dodds 13a showed that 
hemoglobinuria was easily pioduced in their 
expei iments when the uime was acidified by the 
use of sodium sulfate, thus placing the onus on 
the basic radical Although this patient had been 
taking 12 Gm of sodium bicarbonate daily foi 
thirty days, so that the urine was held at a /> H of 
7 5, hemolytic phenomena occuired on the usual 
i efi lgeration, and the Donath-Landstemer leac- 
tion was consistently positive (table 1 C) in spite 
of the admimstiation of an additional 20 Gm 
forty-eight hours prior to the test The patient 
continued his high altitude flying at low tempei- 
atures in the interim but had been provided with 
■ electrically heated clothing He had noted no 
dark-colored urine during this legimen As soon 
1 as it was demonstrated that the use of sodium 
bicarbonate was of no lasting value and as sero- 
theiapy, once thought to be of help, 19 had been 

proi, ed useless, 20 antisyphilitic therapy w^as begun 
1 ' 

i ; 19 Widal and Rostame Serotherapie preventive de 
( l’attaque d’hemoglobinurie paroxystique, Compt rend 
p Soc de biol 58 397, 1905 

> 1 ‘j 20 Montagnami, M Crise hemoclasique et liemo- 
r t . I “! e P ar °VA stique, Presse med 29 1017 (Dec 
C 24) 1921 , cited by Mackenzie r 


with a course of forty 0 06 Gm doses of oxophen- 
arsine hydrochloride given intravenously and 
sixteen 0 20 Gm intramuscular injections of 
bismuth subsalicylate As it u'as felt that any 
improvement m the patient’s hemoglobinuria 
might be used as a quantitative test in the judg- 
ment of the efficacy of this lather shoit course of 
therapy, a Donath-Landstemer test was per- 
foimed when half the treatment had been finished 
and at the end of the entiie course E and F of 
table 2 show the result of the test at each of 
these stages of thei apy It is seen that at the half- 
way point there was no improvement in the test 
for the lysm, whereas apparent cure as indicated 
by the negative Donath-Landstemer test was 
effected at the end of the treatment Probably 
this can be used as another cntenon foi the 
efficacy of the short, intensive course of s)plnlo- 
theiapy currently used m the arm}- No clinical 
signs of syphilis appealed at any time in this 
patient, and at the end of his course of therapy 
the leaction to the Kahn test of the blood was 
negative and the Wassermann reaction anti- 
complementary The results of examination 
of the spinal fluid, done when he w r as first seen, 
were negative 

SUMMARY 

A case of paroxysmal hemoglobinui la in an 
aerial gunnei with probable syphilis who was 
subject to attacks when exposed to the low 
temperatuies of high altitudes is presented The 
tempeiatures to which he was subjected in flying 
w^ere duplicated m experiments m which the 
patient was placed m a storage lefngeiator, and 
hemoglobinuria with its attendant signs of blood 
destiuction was obseived Some tiansient benefit 
was noted with alkalization of the urine with 
sodium bicaibonate The curiently presciibed 
course of forty 0 06 Gm doses of oxophenai sine 
hydiochlonde admimstiated intravenously and 
sixteen 0 20 Gm doses of bismuth subsalicylate 
given mtiamuscularly cuied this disease, as evi- 
denced by the development of a negative reaction 
to a Donath-Landstemer test In cases of un- 
explained anemia, especially but not necessanly 
in a patient knowm to be exposed to low ? tempera- 
tuies, the phenomenon of paioxysmal hemoglo- 
binuna due to the “cold” hemolysin should be 
suspected The search foi syphilis by lnstoiy 
and by physical examination and serologically 
(the Wassermann reaction being used m the 
cases m which the Kahn leaction was negative) 
is important both as an aid to diagnosis and as 
an indication for treatment Some theoretic 
considerations of the phenomenon of paroxysmal 
hemoglobinuria aie presented 
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The purpose of this lepoit is to descube the 
observations m a case of congenital idiopathic 
methemoglobinemia and the favoiable 1 espouse 
of the patient to ascoibic acid therapy Methe- 
moglobinemia of a congenital and spontaneous 
origin is an unusual condition, infrequently 
i eported m the literature The occunence of 
cyanosis because of a high blood level of 
methemoglobm m two or more membeis of the 
same family is leferred to as familial idiopathic 
methemoglobinemia Among the cases of this 
type appealing m the hteratuie, the cyanosis 
has usually been present since the patient’s 
birth but in a few instances has not been 
observed until later m childhood This should 
not be confused with methemoglobinemia of 
enterogemc origin, such as is described by 
Stokvis, 1 Talma, 2 van den Bergh, 3 Gibson and 
Douglas, 4 Lichtenbelt 5 and Wynter, 0 in which 
the elevated methemoglobm concentration is 
associated with autointoxication produced by 
clnonic persistent diarrhea or obstipation and 
which usually disappears when these conditions 
are brought under control 

Pertinent data on idiopathic methemoglobin- 
emia as 1 eported in the literature are presented 
in table 1 The first report of congenital 
cyanosis of long duration m which congenital 
lieai t disease and pulmonary disorder were ruled 

From the Industrial Hygiene Research Laboratory, 
National Institute of Health 

1 Stokvis, B J Zur Casuistik der autotoxischen 
enterogenen Cyanosen, Internat Beitr z inn Med 1 
197-610, 1902 

2 Talma, S Intraglobulaire methaemoglobmaemie 
bij den mensch, Nederl tijdschr v geneesk 38 721- 
732, 1902 

3 van den Bergh, A A H Enterogene Cvanose, 
Deutsches Arch f khn Med 83 86-106, 1905 

4 Gibson, G A, and Douglas, C C Microbic 
Cjanosis, Lancet 2 72-74 (July 14) 1906 

5 Lichtenbelt, J W T Intraglobulaire Methaemo- 
globmaemie, Geneesk gids 1 545-552, 1923-1924 

6 W\nter, W E Methaemoglobinaenua of Tweh e 

i Ca i r Qn 7 t f nding ’ Pr ° C R ° } Soc Med (Chn Sect) 1 

iVu/ ta iy\jo 


out was that of Franqois, 7 m Belgium, m 1844 
It was not until 1912, however, that Slosse 
and Wybauw, 8 also of Belgium, described idio- 
pathic cyanosis m which the presence of 
methemoglobm was confirmed by spectroscopic 
examination Although their patient had a 
systolic pulmonic murmui, the cyanosis was 
thought to be associated with the methemoglobm 
found m the blood, which disappeared in vitro 
when a reducing agent was added This patient, 
unlike those whose disease is of enterogemc 
origin, did not have any intestinal trouble, noi 
did changes m the dietary lcgimen oi purges 
affect the cyanosis 

The case reports compiled m table 1, with 
1 exception, concern patients who weie fiee of 
gastrointestinal complaints — that is, fi ee from pei - 
sistent diarrhea or constipation The 1 exception 
is the case descubed by Miller, 9 m which the 
young girl had obstinate constipation and ex- 
cessive mdicanuna The daily use of enemas 
of potassium permanganate solution lessened 
the degree of cyanosis but failed to efface it 
completely The leport is included here be- 
cause the cyanosis dated from birth Another 
case m which the mechanism foi methemoglobm 
formation may be different than the others 
included here is that of Schwartz and Rectoi 10 
The blood from their patient contained 57 pei 
cent methemoglobm, but no etiologic factois 
could be ascertained The baby was given an 
intravenous injection of a 1 per cent solution 
of methylthiomne chloride The cyanosis van- 

7 Francois Cas de cyanose congenitale sans cause 
apparente, Bull Acad roy de med Belgique 4 698- 
700, 1844-1845 

8 Slosse, A , and Wybauw, R Un cas de methemo- 
globmemie ldxopathique, Ann et bull Soc roy d sc 
med et nat de Bruxelles 70 206-214, 1912 

9 Miller, R A Case of Enterogenous Methaemo- 
globmemia (? Congenital) inT a Child, Arch Dis 
Childhood 5 73-75 (Feb ) 1930 

10 Schwartz, A S , and Rector, E J Methemo- 
globinemia of Unknown Origin m a Two Week Old 
Infant, Am J Dis Child 60 652-659 (Sept) 1940 
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i shed within thirty minutes and had not re- 
turned at the last period of observation, eight 
months later The failure of cyanosis to reap- 
pear after a single dose of methylthiomne chlo- 
nde, which is lost fairly rapidly by excretion, 
places this case m a group separate from those 
just described 

The case reported by Dieckmann 11 is unusu- 
ally interesting When first observed, the pa- 
tient was pregnant foi the third time, having 
had one stillborn child and one who died three 
months after birth It was stated that during 
her pregnancies the cyanosis was more intense 

Table 1 — Tabulation oj Pei Uncut Data fiom R 


An analysis of these reports reveal (table 1) 
that 18 cases of idiopathic methemoglobinemia 
have been recorded to date in the literature 
In 8 of these cases the disoider was thought 
to be of congenital origin only, 6 had both a 
congenital and a familial history , 2 had a 
familial history, and in 2 the disease could not be 
defined as congenital oi familial Only persons 
of the white race have been described with this 
disoider The median age was 29 years, with 
the entire age range represented Seven weie 
female, and 11 were males Nearly all of the 
cases have been reported since 1930 The en- 

oitcd Cases of Idiopathic Methemoglobinemia 



Age, 


Duration 

of 

Cyanosis, 

Familial 
History of 

Method of 
Determining 

Nationality 

Yr 

Sex 

ienrs 

Cyanosis 

Mcthemoglobin 

Belgian 

20 22 

M 

20 22 

ISone 


Belgian 

37 

F 

4 

None 

Spectroscopic 

Turkish 

26 

M 

7 

None 

Gasometnc and 
spectroscopic 

British 

9 

F 

9 

None 

Spectroscopic 

American 

27 

F 

27 

None 

Gasometnc and 
spectroscopic 

German 

32 

M 

32 

2 brothers had 
cj anosis since 
birth 

None 

Gasomctric and 
spectroscopic 

Dutch 

33 

F 

33 

Spectroscopic 

Dutch 

16 

M 

16 

None 

? 

German 

OS 

M 

08 

None 

Spectroscopic 

Dutch 

37 

J1 

37 

Brother and 
sister had 
cyanosis 

Spectroscopic 

Canadian 

37 

M 

23 26 

Sister (next 
case) 

Gasometnc and 
spectroscopic 

Canadian 

43 

F 

32 

Brother (above 
case) 

Gasometnc and 
spectroscopic 

French 

36 

m 

36 

Brother (next 
case) also 1 
brother and 

2 sisters 

Spectroscopic 

French 

28 

M 

28 

See above case 

Spectroscopic 

American 

2 ilk 

F 

2 Wk 

None 

Gasometnc and 
spectroscopic 

British 

29 

M 

29 

Brother (next 
case) 

Gasometric and 
spectroscopic 

British 

19 

M 

19 

Brother (above 
case) 

Gasomctric and 
spectroscopic 

British 

? 

F 

Since 

birth 

None 

Spectroscopic 


Amount of 
Mcthemoglobin 


Gm per 

Per Cent 
of Total 

Date of 


100 Cc 

Hb 

Report 

Authors 



— 

1844 

Francois 7 

• 

— 

1912 

Slosse and Wybaun 8 

— 

20 

1930 

Litarczek nnd others Snng 4 



9 

1930 

188 202, 1930 

Miller 0 

? 

? 

1932 

Dieckmann 11 



40 

1932 

Hitzenberger, K Wien Aich f 



1933 

inn Med 423 85 96, 1932 

van Thienen, G J Nederl tijd 

? 

1 

1933 

schr v genccsk 77 * 1086 1092 
(March 11) 1933 

van Lfer, H W Thesis, Utrecht, 

_ 

17 

1935 

1933, cited bj van Thienen 
Lciner, G and Minibeck, H 



1937 

Wien klin W chnschr 4S *1547 
(Dec 13) 1935 

van Hcukelom, S Geneesk tijd 

1 1 

11 5 

193S 

schr v Nederl— Indie 77 3054 
(Nov 30) 1937 

Bcnsley, Rhea and Mills Quart 

07 

50 

1938 

J Med 7 * 325-330 (April) 1938 
Same ns case just above 


45 

1939 

Lian, Frumusnn and Sassier 12 


35 40 

1939 

Same as caso just above 

74 

57 

1940 

Schwartz nnd Rector 10 

— 

ca 40 

1943 

Dccny, Murdock and Rogan 13 

— 

ca 40 

1943 

Same as case just above 

62 

35 

1944 

King, Gilchiest nnd White 14 


When she went into labor for liei third term, 
she had only 7 Gm of functioning hemoglobin 
per hundred cubic centimeters of blood A trans- 
fusion of 600 cc of whole blood was given, and 
, immediately afterward her skm turned an 
almost normal color A normal-appearing baby 
i was delivered without further complications 
■ The cyanotic color did not return dui mg the 
i emaming fourteen days of hospitalization 
However, a month aftei her discharge from the 
, hospital, the cyanosis had reappeared, and a 

1 l ar g e amount of metliemoglobm was found in her 
; blood 


c> T P W I Methemoglobinemia, An 

Int Med SO 574-578 (Oct) 1932 


tire group may be classified as idiopathic to 
distinguish these cases from those of methe- 
moglobinemia of enterogemc origin and of other 
known causes, such as -exposure to aniline sul- 
fate or sulfanilamide therapy 

In the majority of the cases just listed, the 
cyanosis had been attributed to a cardiac de- 
fect, usually congenital Frequently a cardiac 
murmur was present, and, m some instances, 
enlargement of the heart was noted Dyspnea on 
exertion and tachycardia were frequent findings 
There were also complaints of nervousness, 
irritability, persistent headaches and short- 
ness of breath Often the skin was described 
as having a bluish gray color and no underlying 
reddish tint The bluish discoloration is par- 
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ticularly intense about the lips, ears, nose, 
cheeks finger nails and mucous membranes of 
the mouth Clubbing of the fingers, which is 
often associated with certain cardiorespiratoiy 
disorders, was not reported In the cases m 
which the methemoglobm content was measured 
the concentration vaned from approximately 
10 to 5 7 per cent of the total hemoglobin, the 
median being between 30 and 40 per cent 
Little has been offered in the literature m 
regard to the mechanism involved m idiopathic 
methemoglobinemia A very important obseiva- 
tion was made by Dieckmann 11 when he noted 
that the methemoglobinemia of his patient re- 
mained at a constant level Ordinarily, methe- 
moglobm will gradually disappear if the blood 
is allowed to stand m a test tube for twenty- 
four hours at room temperature Since the 
blood cells of Ins patient weie found to have 
normal glycolytic activity, Dieckmann reasoned 
that “the constancy of methemoglobinemia, 
then, is probably due to the continued presence 
oi production of a substance capable of oxi- 
dizing hemoglobin ” Lian, Frumusan and 
Sassier 12 discovered that the methemoglobm 
concentration of the blood of their 2 patients 
had not changed after the blood had stood m 
a test tube for twenty-four hours and also that 
the addition of the patients’ plasma to normal 
led cells did not produce any methemoglobm 
These woikeis suggested that the methemoglobi- 
nemia was caused by an abnormal resistance to 
reduction They also observed the therapeutic 
benefits of ascoibic acid administration and 
demonstrated the demethemoglobmizmg prop- 
el ty of ascorbic acid with m vitro experiments 
One of their patients was given a daily intra- 
venous dose of 100 mg of ascorbic acid for 
three weeks, which resulted m a noticeable 
diminution of cyanosis and methemoglobm 
concentration, a disappearance of dyspnea and 
headache and an mci eased sense of well-being 
The ascorbic acid therapy was then discontinued 
for ten days, dui mg which time the cyanosis 
again became conspicuous and the methemo- 
globm concentration rose to 35 per cent 

Unaware of the work of Lian and Ins group, 
Deeny, Muidock and Rogan 13 tried oral admin- 
istration of ascoibic acid Their first patient, 
receiving 150 mg of ascorbic acid twice daily, 
acquired a normal coloring of the skin in twelve 

12 Lian, C , Frumusan, P , and Sassier Metliemo- 
globinemic congemtale et familialc Action favorable 
de l’acide ascorbique, Bull et mem Soc med d bop 
de Pans 55 1194-1203 (July 17) n 1939 
* 13 Deem, J Murdock, E T, and Rogan, J J 

Familial Idiopathic Methaemoglohinaemia with a Note 
on the Treatment of Two Cases with Ascorbic Acid 
Bnt M J 1 721-723 (June 12) 1943 


days of treatment With the same dosage of 
ascorbic acid continuing to be given, a month 
later the oxygen-combmmg capacity of his 
blood was found to be 22 volumes per cent 
m comparison to 13 2 volumes (approximately 
35 per cent methemoglobm) before treatment 
On the sixty-third day of treatment, the patient’s 
blood contained 11 per cent methemoglobm and 
1 55 mg per hundred cubic centimeters of 
ascoibic acid The second patient treated by 
these authors received 200 mg of ascorbic acid 
daily for two weeks and then 400 mg daily 
thereafter During the first month of tieat- 
ment, the methemoglobm concentration of the 
blood fell from 43 per cent to 6 per cent, at 
which level it remained An initial ascorbic 
acid level of 0 19 mg pei hundred cubic centi- 
meters became stabilized after three weeks of 
treatment at 1 73 mg The patient’s cyanosis 
disappeared and strenuous exercise was less 
exhausting 

A fourth person with idiopathic methemoglo- 
binemia, successfully treated with ascorbic acid, 
is presented m the report of King, Gilchrest 
and White 14 Before treatment, their patient 
had a blood methemoglobm concentration of 
approximately 35 per cent and a plasma ascoibic 
acid level of 0 33 mg per hundred cubic centi- 
meters After he had received 300 mg ascorbic 
acid pei day foi one month, the methemoglobm 
had diopped to 9 per cent, and the plasma 
ascorbic acid had risen to 1 37 mg per hun- 
dred cubic centimeters During the second 
month the daily dose of ascorbic acid was 
doubled This did not materially alter the met- 
hemoglobm level and raised the ascorbic acid 
content of the blood only slightly Appioxi- 
mately one month aftei the ascorbic acid therapy 
was discontinued, the methemoglobm concen- 
tration rose again to 31 6 pei cent, and the 
plasma level of ascoibic acid returned' to the 
pretreatment level Gibson 15 was of the opinion 
that the use of ascorbic acid m the treatment 
of methemoglobinemia appealed to be limited to 
those cases m which the normal enzyme systems 
responsible for l educing methemoglobm weie 
absent oi suppressed 

REPORT Or A CASE- 

During a recent investigation in an ordnance plant, 
a young woman (B A ) with pronounced cyanosis, 
who was working in a nontoxic area, was brought to 
our attention She had a dulf, gray-purple appearance 
which W'as even more conspicuous at short distances 
(100 ft [33 meters]) than at close view B A w'as 19 

14 King, E J , Gilchrest, M , and White, J C A 
Case of Methemoglobmaemia, Biochem J 38 vin, 1944 

15 Gibson, Q H The Reduction of Methaemo- 
globm by Ascorbic Acid, Biochem J 37 615-618, 1943 
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years old and said she had been cyanotic all of her life 
None of her living relatives had cyanosis or other 
related symptoms Her fathei, who had died of a 
heart attack, was said to have been nervous and had 
suffered from headaches also Her color, as well as 
accompanying symptoms of headaches, extreme fatigue 
and dyspnea with exercise, had been ascnbed to a 
congenital cardiac lesion by a number of physicians 
On physical examination, no evidence of a defective 
heart could be found , no*r could the cyanosis be ascribed 
to chemical or medicinal exposure or to gastrointestinal 
disorder Two samples of dark, chocolate-colored 
blood were taken about two weeks apait and each 
found to contain approximately 50 per cent methemo- 
globin These levels did not change when the samples 
remained in a test tube overnight As congenital 
methemoglobinemia was suspected, the patient was 
hospitalized for twenty-four days for investigative pur- 
poses six months later 

B A had always been in, fairly good health except 
for almost continuous severe headaches, dizziness, 
dyspnea and palpitation on exertion and frequent soie 
throats " The headaches occurred m the frontal and 
occipital areas, were throbbing in character and varied 
in intensity The patient stated that they usually 
developed fifteen to twenty minutes aftei she arose in 
the morning and continued with increasing intensity 
throughout the day She did not suffer from ocular 
fatigue or blurred vision She usually took 4 to 6 
acetylsalicylic acid tablets a day but would sometimes 
total as many as 12 Hei headaches were severer 
when her skin was bluer, and both the headaches and 
the cyanosis were thought to increase before menstrua- 
tion Although the dizziness seemed to be worse after 
menstruation, she generally felt her best at that time 
Sixteen months before observation she had given birth 
to a normal and healthy-appearing female infant She 
believed she was less cvanotic and more energetic 
during the latter part of her pregnancy than she had 
ever been 

The patient complained that after moderate exercise 
her heart beat rapidly and heavily and it was difficult 
for her to breathe She said that she could walk 
only one or two blocks if she moved rapidly but a 
mile (16 kilometers) or more if walking slowly and 
that she was not able to run at all Her hands and 
feet tended to be cold and dry, and her feet swelled 
occasionally When she attempted to carry packages 
or the baby, her arms and hands often became cramped 
At the time of observation, she stated she had lost 
strength during the last three or four years She 
admitted that she was an irritable person and became 
upset easily, frequently quarreling with her family and 
worrying about finances 

Questioning revealed that the patient’s dietary regi- 
men was poor, particularly in protein and vitamins 
She usually had a sandwich and a Coca Cola for 
lunch, about six Coca Colas during the day and a 
regular eiening meal She took no vitamin capsules 
and rarely ate raw' fruits or vegetables, her appetite 
had ahvays been good 

B A w'as a short, well developed, slightly obese 
woman of the stated age Although there was general 
c\anosis of her skin, it was particularly noticeable 
o\er the nail beds, palms, low'er half of both legs, lips 
and oral mucous membranes Ophthalmoscopic exam- 
ination demonstrated extremely dark-colored retinal 
\ essels There w'as no clubbing of the fingers 

She had a resting regular .pulse rate of 80 per 
minute, which became decidedly accelerated with mild 
exercise The heart sounds w'ere of good quality 


except for a definite roughness of the pulmonic first 
sound and an accentuation of the pulmonic second 
The average of several readings of blood pressure 
taken on both arms was 98 systolic and 70 diastolic 
(millimeters of mercury) The surface area measure- 
ment of the heart shadow' on a posteroantenor roent- 
genogram of the chest taken at 72 inches (183 cm ) 
was of normal size as based on the patient’s height 
and weight The lungs appeared normal on physical 
and roentgenographic examination The neurologic 
examination showed nothing abnormal except hyper- 
active tendon reflexes 

Electrocardiograms were taken before and after 
exercise according to the Master exercise test, 16 but 
the patient w'as unable to complete the test because of 
extreme dyspnea The tracing taken after exercise 
showed a slight depression of the ST segment in one 
of the leads, otherwise the tracing appeared normal 

Hemoglobin and methemoglobin were measured by 
the spectrophotometnc method of Horecker and 
Brackett 17 On the day of the patient’s admission to 
the hospital, the methemoglobin content w'as 3 9 Gm 
per hundred cubic centimeters of blood, or about 25 2 
per cent of the total hemoglobin This value was con- 
siderably low'er than it had been six months earlier 
These differences may have been associated with the 
patient’s menstrual cycle, as the first day in the hos- 
pital was the fifth and last day of her menstrual period 
The results of the laboratory procedures that were 
performed repeatedly are presented in table 2 Other 
laboratory observations included the prothrombin time, 
red cell size and distribution as measured by the Price- 
Jones technic, plasma fibrinogen content, glycolytic 
activity of whole blood and twenty -four hour urinarv 
excretion of coproporphyrm, all of which w'ere within 
normal limits 

Before vitamin therapy was initiated, ascorbic acid 
was added to the patient’s blood in vitro and w'as found 
to reduce the methemoglobin Then the patient w'as 
given 100 mg of ascorbic acid orally, four times daily 
During the first seven day's of treatment the methemo- 
globin level gradually dropped from 4 4 Gm to 2 1 Gm 
per hundred cubic centimeters, the methemoglobin 
falling from 25 to 11 per cent The ascorbic acid level 
of the blood rose from 0 5 to 1 5 mg per hundred cubic 
centimeters and the urinary level of ascorbic acid from 
8 7 to 187 0 mg per twenty-four hour period, as 
analyzed by the method of Farmer and Abt 18 The 
patient seemed more alert and energetic and stated 
that her headaches were less intense The cyanosis 
was diminished but still conspicuous 

Until this time, use of methylthionine chloride had 
been avoided because of its two contradictory actions 
on hemoglobin, that is, low concentrations are known 
to convert methemoglobin to hemoglobin in vivo, but 
high concentrations produce methemoglobin by con- 
verting the ferrous ion to the ferric These opposing 
actions have been explained by the reversible oxidation- 

16 Master, A M , Friedman, R , and Dack, S 
The Electrocardiogram After Standard Exercise as a 
Functional Test of the Heart, Am Heart J 24 
777-793 (Dec) 1942 

17 Horecker, B L , and Brackett, F S A Rapid 
Spectrophotometnc Method for the Determination of 
Methemoglobin and Carbonylhemoglobin in Blood, J 
Biol Chem 152 699-677 (March) 1944 

18 Farmer, C J , and Abt, A F Determination of 

Reduced Ascorbic Acid in Small Amounts of Blood, 
Proc Soc Exper Biol R Med 34 146-150 (March) 
1936 i 
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reduction system of methylthiomne chloride and its 
leukoform 10 On the eighth day of ascorbic acid 
therap 3 r , 7 cc of 1 per cent solution of methylthiomne 
chloride was given intravenously Withm thirty min- 
utes, the remainder of the patient’s cyanosis disap- 
peared A sample of blood taken two hours later 
contained 0 2 Gm methemoglobm per hundred cubic 
centimeters The patient claimed that her headache 
had vanished and that she had a sense of well-being 
For the first time m her life her skin had a pink color 
Her hands and feet were warmer, and she was conscious 
of her palms becoming damp She was able to walk 
rapidly without tiring or becoming breathless The 
Master exercise test was repeated, and this time it 
was completed with ease The depression of the ST 
segment following exercise which was found in the 
electrocardiograms taken before treatment was absent 
A comparison of T waves in leads I and II taken at 
rest, before and after ascorbic acid therapy revealed a 
slight increase in the height of these waves after treat- 
ment The elevation in the height of the T waves in 
this case may be associated with the increase in oxy- 


5,320,000 per cubic millimeter, the reticulocyte count 
had dropped to 0 1 per cent, and the total cell volume 
was 43 5 per cent The patient’s color was normal, 
and she was entirely symptom free She was instructed 
to continue taking 400 mg of ascorbic acid daily and 
was also given a prescription for methylthiomne chloride 
(0 3 Gm by mouth once daily) should she become 
noticeably cyanotic again The patient’s course has 
been followed for one year by correspondence with her 
and with the physician m the plant where she had been 
employed The methemoglobm content of her blood 
as measured on several occasions was approximately 
0 7 Gm per hundred cubic centimeters, and there have 
been no periods of cyanosis She has faithfully main- 
tained the high ascorbic acid intake and at no time 
has resorted to use of methylthiomne chlonde 
Laboiatoiy Studies on Patient’s Blood — In an effort 
to determine the cause of idiopathic methemoglobinemia, 
a series of simple m vitro experiments were performed 
on the patient’s blood before and after ascorbic acid 
therapy The results of these procedures may be 
observed in the chart 


Table 2 — Hematologic Data Bcfoie and Ajtci Ascot bic Acid Thciapy 


Date 


Mefchemo 
globin, 
Gm per 
100 Cc 


Methemo 

Hemoglobin Total globin, Total 

Ovygen, Hemoglobin, percent Cell 

Gm per Gm per of Total Volume, 
100 Cc 100 Cc Hemoglobin per Cent 


Blood Count 

Red White 

Ascorbic Acid Blood Blood 

r - — '*'■ •, Colls, Cells, Retie 

Pinsinn, Urine, Millions Thousands ulo 
Mg per Mg per per per cytes, 
100 Cc 21 Hi Cu Mm Cu Mm per Cent 


11/1/43 3 90 11 GO 

11/ 0/43 3 80 11 10 

11/ 9/43 4 20 10 95 

H/12/43 4 30 13 90 

11/15/43 4 40 13 20 

H/lG/43 Started ascorbic acid treatment— 400 
11/17/43 3 10 15 00 

11/18/43 2 30 15 20 

H/19/43 2 40 10 45 

11/20/43 2 35 15 SO 

11/21/43 

11/22/43 2 10 1G 00 

(8 30a my 2 30 14 GO 

11/21/43 (11 00 a m ) 0 20 17 42 

11/23/43 (3 00 p m ) 0 40 — 

11/24/43 0 05 10 85 

H/25/43 0 00 14 70 

11/20/43 1 03 15 70 


15 50 

25 2 



14 90 

255 

44 7 


15 15 

27 7 



IS 20 

23 0 


0 40 

17 GO 

25 0 

43 5 

0 51 

mg per day 




18 10 

171 



17 70 

14 1 


1 18 

IS 85 

12 7 



18 15 

13 0 


15S 

18 10 

11 G 



1G 90 

13 0 


1 5S 

17 02 

1 1 



17 50 

37 



15 30 

39 



1C 73 

G2 

43 5 




5 40 

70 

IS 


5 5S 

G 8 


48 



1 4 

73 




87 

5 39 

85 

01 




08 

07 8 

5 30 

74 

10 


174 2 
158 4 
187 0 


327 7 


5 32 01 


* Intravenous injection of 7 cc of l per cent solution of methylthionine chlonde 


hemoglobin concentration in the blood The effect 
anoxemia, due to decreased atmospheric oxygen tensn 
on T waves is well known =o i n addition, sum! 
alterations have been observed by Yonemoto 21 
electrocardiograms taken on rabbits after the blc 
had been treated with nitrite to produce 68 to 84 t 
cent methemoglobm 

The methemoglobm started to rise again (table 2) 
lew hours after methylthiomne chlonde had been giv< 
ihe day after this treatment her blood contained 0 
jm P cr hundred cubic centimeters, or 3 7 p er cc 
methemoglobm At the time of her discharge from t 
lospital two days later the methemoglobm content of f 
blood was 6 per cent and the red Wood cell cor 

19 Hauschild, F Die Wirkung des Katalvs: 

' hl0n, b) bei der Methamoglobmvergiftung, Arch 

l u Pharmako1 458-467, 1937 

pi“ lf nte > M S Effect of Anoxia in High Altitu 

li MfiiS! n E c f ™? ardl0 ^ ram ' J Aviation M< 
n 166-180 (Dec) 1940 

hen!nXr em0t °’ S J E!cctroca ^ ! ogram During M 

1 Y 1 S b T nC n m Pr °? uced b - v ^lection of Sodn 
Aitnte, J Orient Med 35 117-126, 1941 


Samples of the patient’s blood taken on different davs 
were allowed to remain in a test tube at room tempera- 
ture, and determinations of methemoglobm were made 
at intervals of three to twelve hours Repeated analyses 
over periods of twenty-four to seventy-two hours failed 
to demonstrate any significant change m the methemo- 
globm concentration This finding is m contrast to 
changes that occurred m normal blood to which sodium 
nitrite had been added to produce methemoglobm Nor- 
mal blood, with intact red cells, methemoglobimzed to 
approximately S Gm per hundred cubic centimeters by 
the addition of 0 31 mg sodium nitrite per cubic centi- 
meter lost most of its methemoglobm m a twenty-four- 
hour period (section A m the chart) The rate of con- 
version of methemoglobm to hemoglobin at room tem- 
perature in the normal mtrited blood samples which 
were analyzed during this study averaged 0 3 Gm per 
hundred cubic centimeters per hour The reduction of 
methemoglobm in hemolyzed normal blood also occurs at 
a rapid rate Withm seventy-two hours there was no 
change in the methemoglobm content of the patient’s 
hemolyzed blood (section B in the chart) 

The next experiment concerned the influence of 
plasma of another source on the patient’s corpuscular 
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methemoglobm content The formed elements of the 
patient’s blood were separated by centrifugation, and 
the plasma was drawn off and replaced with an equal 
amount of compatible plasma There was practically 
no change m the methemoglobm levels during the first 
eight to ten hours in two separate tests A reduction 
did take place m both tests during the tenth to twenty- 
fifth hours, but the rate of conversion did not approach 
that which occurs in normal nitrited blood The com- 
patible plasma contained 1 69 mg per hundred cubic 
centimeters of ascorbic acid m comparison with the 
patient’s plasma, which contained 0 4 and 0 5 mg 
During the twenty-four hour period, the erythrocytes 
in contact with compatible plasma lost approximately 


1 3 Gm of methemoglobm per hundred cubic centimeters 
of, blood (section C in the chart) 

Compatible whole blood was then added to the 
patient’s whole blood, which diluted the amount of 
methemoglobm by one half at the onset of the experi- 
ment The methemoglobm concentration of the blood 
mixture was reduced from 2 5 to 19 Gm per hundred 
cubit centimeters m twenty-three hours, which is much 
less than the reduction to be expected with nitrited 
blood 

The effectiveness of ascorbic acid as a reducing agent 
was studied on both normal blood treated with sodium 
nitrite and on the patient’s blood To the nitrited blood 
containing 8 5 Gm methemoglobm per hundred cubic 
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In vitro studies at room temperature of reduction of methemoglobm in oxalated blood from patient (B A ) and 
from a normal subject treated with methemoglobm formers A, rate of reduction of methemoglobm in B A ’s blood 
before ascorbic acid therapy and m two samples of normal blood treated with sodium nitrite (0 31 mg per cubic 
centimeter of blood) B, the effect of hemolysis on the rate of methemoglobm reduction m B A ’s blood and in 
normal blood plus 148 mg potassium ferrocyanide (Ke Fe[CN] 0 ) per cubic centimeter of blood (The hemo- 
ljzing solution consisted of a borate buffer, 94 , containing 0 3 Gm of saponin per hundred cubic centimeters) 
Two tenths cubic centimeter of blood was diluted to 2 cc with the hemolyzing solution C \ the effect of compatible 
plasma and compatible whole blood on the reduction of methemoglobm m B A ’s blood In tw r o samples taken 
nine days apart the plasma was separated from the erythrocytes and replaced with an equal amount of compatible 
plasma To a third sample an equal amount of compatible whole blood was added D, the effect of addition of 
ascorbic acid on methemoglobm reduction in B A ’s blood in vitro and in normal blood treated with sodium nitrite 
(0 31 mg per cubic centimeter) Four-tenths mg ascorbic acid per cubic centimeter was added to the sample of 
B A ’s blood and to one half of the nitrited sample The other half of the nitrited sample served as a control 
E, rate of methemoglobm reduction in B A 's blood on the fourth day of ascorbic acid therapy and in nitrited 
erjthrocjtes plus B A ’s plasma Two hours after addition of sodium nitrite (015 mg per cubic centimeter) the 
plasma w’as ( separated from one half of the sample and replaced with an equal volume of B A ’s plasma F, seventh 
daj of ascorbic acid therapy Rate of methemoglobm conversion of B A ’s blood and a portion of her blood in 
which the plasma has been replaced with an equal volume of 0 85 per cent sodium chloride solution, also, com- 
parison of normal nitrited blood (0 08 mg sodium nitrite per cubic centimeter) in which the plasma from one 
a f of the sample was separated and replaced with an equal volume of 0 85 per cent sodium chloride solution 
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centimeters and to the patient’s blood were added 0 4 
mg of ascorbic acid per cubic centimeter of blood 
Tins amount was stoichiometric for the methemoglobm 
content of the nitrited blood and a two-fold excess for 
the patient’s blood, it also represented fifty times the 
amount of ascorbic acid ordinarily present in the plasma 
The methemoglobm in the patient’s blood sample was 
rapidly converted to hemoglobin, and the rate of methe- 
moglobin reduction m the nitrited sample was acceler- 
ated (section D m the chart) 

The next series of test tube experiments were con- 
ducted on the patient’s blood on the fourth day of 
ascorbic acid therapy At this time analysis immedi- 
ately after withdrawal of venous blood showed that 
the methemoglobm content was 2 5 Gm per hundred 
cubic centimeters, a drop of 1 9 Gm in four days of 
treatment When this blood sample was allowed to 
stand m a test tube, the methemoglobm concentration 
continued to fall to 09 Gm per hundred cubic centi- 
meters in twenty-four hours During this same twenty- 
four hour period m vivo methemoglobm concentration 
dropped only 0 1 Gm per hundred cubic centimeters 

The relative effectiveness of B A ’s plasma m reduc- 
ing the methemoglobm of nitrited blood was compared, 
after four days of vitamin therapy, with that of normal 
plasma A sample of nitrited blood was divided into 
equal portions and the plasma of one portion replaced 
with the patient's plasma Unfortunately, the oxidation 
reaction of the nitrite was incomplete when the plasma 
was separated for replacement, and methemoglobm 
continued to increase in the control sample Taking this 
factor into account, the rate of reduction of methemo- 
globin continued at very nearly the same rate in both 
samples The ascorbic acid levels for the two plasma 
samples were 1 2 mg per hundred cubic centimeters for 
the patient and 1 7 mg for the control (section E in the 
chart) 

The role of plasma in methemoglobm reduction was 
next studied by comparing the effectiveness of the pa- 
tient’s plasma on the seventh day of therapy with 
that of isotonic solution of sodium chloride Half of a 
blood sample from the patient was centrifuged and the 
plasma replaced with 0 85 per cent sodium chloride 
solution The other half was used as the control 
Measurements were then made of the reduction rate of 
the methemoglobm m each preparation for a period of 
twenty-four hours The methemoglobm disappeared at 
the same rate m both samples A second test was made 
with normal nitrited blood which was similarly handled 
The conversion of methemoglobm to the reduced form 
again progressed at nearly the same rate when the cells 
were suspended in plasma or m sodium chloride solution 
(section F of the chart) In addition, the plasma was 
removed from a sample of the patient’s blood, and 
twent) -eight hours later the cells were made up to the 
former volume with sodium chloride solution A deter- 
mination made immediately revealed only a small 
quantity of methemoglobm 

COMMENT 

These experiments indicate that before as- 
corbic acid therapy the patient’s blood had little 
or no power to reduce methemoglobm to hemo- 
globin m vitro This is m contrast to the action 
of normal nitrited blood, in which methemo- 
globm was reduced at the average rate of 0 3 
per hundred cubic centimeters per hour 
lhe se Paration of the patient’s erythrocytes and 


the addition of compatible plasma containing 
a high normal amount of ascorbic acid (17 mg 
per hundred cubic centimeteis) caused a reduc- 
tion m methemoglobm of only 1 3 Gm over 
a period of twenty-four hours The delayed 
onset of reduction on the addition of compat- 
ible plasma suggests that a transfer of a i educ- 
ing substance into the erythrocytes may have 
taken place After four days of ascorbic acid 
therapy, the methemoglobm content of the pa- 
tient’s blood m vitro was reduced 1 6 Gm 
per hundred cubic centimeters within twenty- 
foul hours The patient’s plasma at this time 
contained 1 2 mg of ascorbic acid per hun- 
dred cubic centimeters Since, stoichiometric- 
ally, 10 mg of ascorbic acid per hundred cubic 
centimeters, or eight times the concentration 
piesent m the plasma, would be required to 
reduce 1 6 Gm of methemoglobm per hundred 
cubic centimeters, it becomes apparent that 
either another reducing system has been acti- 
vated or the ascorbic acid itself is acting cata- 
lytically The equal rates of disappearance of 
methemoglobm from the erythrocytes of normal 
nitrited blood when suspended m their own 
plasma or when suspended in a 0 85 per cent 
solution of sodium chloride indicate that the 
constituents of the plasma are not primarily 
responsible for the conversion of methemoglobm 
to hemoglobin This is emphasized by the repe- 
tition of this action when the patient’s er>thro- 
cytes were suspended m an isotonic solution 
of sodium chloride on the seventh day of 
_ ascorbic acid therapy, at which time the patient’s 
plasma contained 1 58 mg of ascorbic acid per 
hundred cubic centimeters The patient’s red 
cells probably contained a comparable concen- 
tration of ascorbic acid 

These experiments' suggest that the conver- 
sion of methemoglobm to hemoglobin is de- 
pendent on the reducing systems present withm 
the red cell Cox and Wendel 22 were of the 
opinion that the reduction of methemoglobm 
was mainly, if not entirely, a function of the 
enzyme system contained within the erythrocyte 
In the present case a partial failure of one 
of the reducing systems within the erythrocyte 
was suspected By elevating the ascorbic acid 
content of the blood to unusually high levels, 
the defective reducing system was partially 
replaced or reactivated, and the methemoglobm > 
content of the blood was reduced, both in vivo 
and m vitro The reducing mechanism was 
still imperfect, because a high ascorbic acid m- ! 
take (over 400 mg per day) did not reduce J 

22 Cox, W, W, and Wendel, W B The Normal 
Rate of Reduction of Methemoglobm m Dogs, T Biol 
Chem 143 331-340 (April) 1942 
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the methemoglobm level below 0 5 to 0 6 Gm 
per hundred cubic centimeters Although the 
patient’s methemoglobm concentration was tem- 
porarily reduced to 0 after the intravenous 
injection of methylene blue, it then leveled off 
at about 1 0 Gm per hundred cubic centimeters, 
which is approximately eight to ten times the 
average concentration found m a normal per- 
son 23 This failure to reduce the methemo- 
globin concentiation to normal levels may be 
noted in 4 other patients with idiopathic methe- 
moglobinemia successfully treated with ascorbic 
acid In no case did the methemoglobm level 
drop to normal, but each remained at a concen- 
tration between 6 to 11 pei cent of the total 
pigment 

Judging from the experience of the small num- 
ber of patients treated, it appears that a high 
concentration of ascorbic acid m the blood will 
control methemoglobinemia of idiopathic origin 
The plasma levels of ascorbic acid which were 
recorded in 3 cases, including this one, were, 
before treatment 0 19, 13 0 31 14 and 040 to 

0 51, mg per hundred cubic centimeters (this 
case) Aftei ascorbic acid therapy was initiated 
and before a reduction in the methemoglobm 
content had become noticeable, these levels had 
risen to 0 46, 1 17 and 124, mg per hundred 
cubic centimeters, respectively In the case 
reported by King, Gilchrest and White, the 
methemoglobm in the circulating blood began 
to increase when the plasma level of ascorbic 
acid had dropped to 0 61 mg per hundred cubic 
centimeters after the discontinuation of ascorbic 
acid therapy 

In normal blood, ascorbic acid probably does 
not play an essential role in the maintenance 
of hemoglobin in a functionally active state For 
example, there are no known reports of met- 
hemoglobinemia among persons with as low 
plasma contents of ascorbic acid as occur in 
scurvy Howevei, from the evidence presented 
in this case and from several reports in the 
literature it would appeal that there is a con- 
centration of ascorbic acid in the blood that is 
cutical in the treatment of methemoglobinemia 
of idiopathic origin 

The methemoglobm concentration is probably 
regulated by the vanous oxidation-reduction 

23 Paul, W D , and Kemp, C R Methemoglobm 
A Normal Constituent of Blood, Proc Soc Exper 
Biol &. Med 56 54-55 (Maj) 1944 Sievers, R F , 
Lawton, A H , Skoog, F , Neal, P A , von Oettingen, 

1 W F , Stump, R L, and Monaco, A R A Medical 
Stud\ of the Effect of TNT on Workers in a Bomb 

< and Shell Loading Plant, Public Health Bulletin 291, 
United States Treasury Department, Public Health Ser- 
' \ice, 1945 


systems present in the red blood corpuscle 
Warburg and Christian 24 have shown with their 
experiments on the various enzyme systems 
that methemoglobm is reduced by the system 
hexosemonophosphate - dehydrogenase - tnphos- 
phopyridmenucleotide The oxidation-reduction 
potential of the methemoglobm-hemoglobin sys- 
tem of the horse, when the concentration of oxi- 
dant and reductant are equal, is -f- 0 139 volt 
at pn, 7 0 at 30 C 2j Normally, human blood 
contains approximately 1 per cent of total 
hemoglobin as methemoglobm By computa- 
tion 26 the potential for 1 per cent methemo- 
globin and 99 per cent hemoglobin is about 
0 volt Our patient’s blood befoie treatment 
contained from 25 to 50 per cent methemo- 
globm as measured on widely separated occa- 
sions The calculated potential foi 25 per cent 
methemoglobm and 75 per cent reduced hemo- 
globin is -J- Oil volt On the basis of this 
calculation it necessarily follows that the normal 
reducing systems were inactive 

The following data leported m the literature 
may be lelevant to this concept The various 
nonnal values recorded for the potential ot 
whole blood in vitro range from -J-0110 to 
-j- 0 200 volt, depending on the pi ocedure used 
foi measuring the potential 27 The presence of 
intact erythrocytes has but slight influence on 
the potential of plasma or serum Howeiei, 
when the blood is hemolyzed there is a definite 
drop m potential, \\ hich indicates that the poten- 
tial within the normal led cell is much lower 
than that in the plasma 28 On the other hand, 
hemoglobin is converted to methemoglobm when 
added to plasma In the circulating blood as 
much as 40 per cent of injected hemoglobin may 
be converted to methemoglobm over a period 
of twenty-four to foity-eight houis 

24 Warburg, O, and Christian, W Ueber Akti- 
vierung der Robisonschen Hexose-Mono-Phosphosaure 
in roten Blutzellen und die Gewinnung aktivierender 
Fermentlosungen, Biochem Ztschr 242 2 06-227 (No\ 
17) 1931 

25 Taylor, J F , and Hastings, A B Oxidation- 
Reduction Potentials of the Methemoglobin-Hemo- 
globm System, J Biol Chem 131 649-622 (Dec ) 
1939 

26 Ei, = Eo X log (Bodanskj, 

M Introduction to Physiological Chemistry, New 
York, John Wiley & Sons, Inc 1938 ) 

27 Meier, L Die Bestimmung des Redoxpotentials 
im Blut (in vitro) und die Beemflassung durch Zufuhr- 
en sogenannter Redoxsubstanzen, Biochem Ztschr 
303 32-39 (Nov ) 1939 Oivine, I A Potential 
oxydo-reducteur (Ei,) du sang, Bull biol med exper , 
U R S S 3 542-544, 1937 

28 Oivine, I A Controversial Problems of the 
Oxidation-Reduction Potential of the Blood, Bull biol 
med exper, U R S S 7 344-347, 1939 
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On the basis of this evidence, the following 
hypothesis is offered as a suggestion for the 
mechanism involved m idiopathic methemoglo- 
binemia 

Methemoglobm is constantly being produced 
m the cnculatmg blood In the case of idio- 
pathic methemoglobinemia the reducing systems 
within the erythrocyte which normally keep 
methemoglobm at low concentrations aie inac- 
tive or at 1 educed activity In the absence of 
these 1 educing systems the potential of the 
erythrocyte will tend to increase as the diffusible 
oxidation-reduction systems of the plasma enter 
the cell, resulting m the production of methemo- 
globm The extent of methemoglobm forma- 
tion will be a function of the degree to which 
the noimal reducing systems are lacking m the 
erythrocyte and of the rate at which the plasma 
constituents will diffuse into the cell In the 
treatment of idiopathic methemoglobinemia with 
large doses of ascorbic acid, the high concentra- 
tions of ascorbic acid withm the erythrocyte 
serve as a substitute for the missing reducing 
system 


SUMMARY 

Medical and laboratory tests and observations 
were made on a 19 year old woman with met- 
hemoglobinemia dating from birth There was 
no evidence of gastrointestinal distuibance, and 
no other membei of hei family had cyanosis 

The observations leported by others that the 
oi al administration of ascorbic acid diminishes 
methemoglobinemia and cyanosis were con- 
fhmed It was found that relatively high plasma 
concentrations of ascorbic acid were required 
to be effective and that the methemoglobm was 
not reduced to the levels found m normal circu- 
lating blood Complete and temporal y reduc- 
tion of methemoglobm after an intravenous 
injection of methylene blue with return of met- 
hemoglobin concentration to appi oximately 6 per 
cent while the patient had a high ascorbic acid 
intake was demonstrated 

In vitro experiments were conducted prior to 
and during treatment m an attempt to determine 
the mechanism of idiopathic methemoglobinemia 
From results obtained in these expeiunents a 
hypothesis was formulated to explain this 
mechanism 



STUDY OF WATER AND HEAT LOSS FROM THE RESPIRATORY 

TRACT OF MAN 

METHODS I A GRAVIMETRIC METHOD FOR THE MEASUREMENT Or THE RATE 
OF WATER IOSS, II A QUANTITATIVE METHOD FOR THE MEA- 
SUREMENT OF THE RATE OF HEAT LOSS 

GEORGE E BURCH, M D 

NEW ORLEANS 


In any stud) of water loss from the human 
tody it is necessary to measui e that which leaves 
he respiratoiy system Methods have been de- 
cribed, but they are either inaccurate or cum- 
lersome It is beyond the scope of this papei to 
■eview the methods used in the past to measui e 
he water loss thiough the pulmonaiy system, 
nany of these are i eferred to in several excellent 
liscussions on insensible perspiration 1 Galeotti 
mcl his associates 2 and Weyrich 3 used bottles of 
sulfuric acid or calcium chloride to trap the 
expired water and measure giavimetrically the 
water collected These are not simple pi ocedures, 
md their accuracy is not well established The 
observers did not control the conditions of the 
an inspired The paper by Galeotti and Signo- 
relli 23 included a review of some of the eaily 
methods used to measure expired water Loewy 
and Gerhartz 4 measured the temperature of the 
air expu ed but not the water loss from the lungs 

This is the thirteenth paper from the Laboratory 
of Tropical Physiology 

Aided by a grant from the Rockefeller Foundation 
and the Hells Institute for Medical Research 

From the Department of Medicine, Tylane Uni- 
versity School of Medicine and Charity Hospital of 
Louisiana 

1 (a) Soderstrom, G F, and Du Bois, E F 

Clinical Calorimetry XXV The Water Elimination 
Through Skin and Respiratoiy Passages in Health and 
Disease, Arch Int Med 19 931 (May) 1917 ( b ) 

Benedict, F G , and Root, H F Insensible Perspira- 
tion Its Relation to Human Physiology and Pathol- 
ogy ibid 38 1 (July) 1926 (c) Newburgh, L H , and 

Johnston, M W The Insensible Loss of Water, 
Phjsiol Re\ 22 1, 1942 ( d ) Hill, L The Science 

of Ventilation and Open Air Treatment, London, His 
Majestj’s Stationery Office, 1919 

2 (a) Galeotti, G, and Signorelli, E Ueber die 
Wasserbilanz wahrend der Ruhe und bei der Anstren- 
gung mi Hochgebirge, Biochem Ztschr 41 268, 1912 
( b ) Galeotti, G Ueber die Ausscheidung des Wassers 
bei der Atmung, ibid 46 173, 1912 

3 W e\ rich, W Beobachtungen uber die unmerk- 
liche Wasserausscheidung der Lungen und lhr Verhalt- 
mss zur Hautperspiration, Dorpat, E J Karow, 1865 

4 Loewi , A, and Gerhartz, H Ueber die Tem- 
peratur der Evpirationsluft und der Lungenluft, Arch 
f d ges Physiol 155 231, 1914 


The method of Benedict and Benedict, 3 using 
chemical absorption, is lathei cumbersome and 
relatively inaccurate Christie and Loomis 6 em- 
ployed an ingenious and accurate method for 
measuring the watei vapoi piessure of expired 
an The method cannot be employed to detei- 
mme accurately the quantity of water loss from 
the lungs In an excellent and more recent papei 
Seeley 7 described a method using anhydrous 
magnesium perchlorate in U tubes to collect and 
weigh the expired watei Not only is this method 
cumbersome, but its accuracy is not fully estab- 
lished It was intended and was used by Seeley 
with success for the measurement of relatively 
small samples (1 to- 2 liters) of expired air In 
anothei study 8 I like Benedict and Benedict 3 
Newbmgh and Johnston 10 and others, employed 
a laige sensitive balance to measure water loss 
fiom the lungs and skin This method is rela- 
tively inaccurate and not applicable to certain 
types of studies 

In order to study water and heat loss from the 
lungs it became necessary to develop an accu- 
rate, dependable and piactical method for mea- 
sui mg water loss The method was developed 
further to measure heat loss simultaneously with 
watei loss m a mannei so that ambulatory and 
hospital patients as well as normal subjects could 
be studied in large numbers and at frequent 
intervals 

To facilitate presentation, the paper is divided 
into two parts, descnbing (1) the method for 
measui mg water loss gi aAumetricalh and (2) the 

5 Benedict, F G , and Benedict, C G Perspiratio 
insensibilis lhr Wesen und ihre Ursachen, Biochem 
Ztschr 186 278, 1927 

6 Christie, R V , and Loomis, A L The Pres- 
sure of Aqueous Vapour in the Alveolar An, J Physiol 
77 35, 1932 

7 Seeley, L E Study of Changes in the Tem- 
perature and Water Vapor Content of Respired Air 
m the Nasal Cavity, Tr Am Soc Heat & Vent 
Engm 46 259, 1940 

8 Burch, G E A Method for Measuring Small 
Amounts of Weight Loss in Man, Am J M Sc , to 
be published 
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method for measuring heat loss from the respira 
tory tract. 


I A GRAVIMETRIC METHOD FOR THE 
MEASUREMENT OF EXPIRED WATER 


The apparatus and method developed to mea- 
sure quantitatively the expired water are illus- 
tiated diagrammatically by figure 1 __ The ap- 
paratus consists essentially of thiee paits (1) 
U\o meteis for measuring the volume of an 
circulated through the jlungs and collecting 
coils, (2) aluminum collecting coils and (3) a 
system ot rubber tubing with necessary heatei . 
fluttei \ alves and mouthpiece to dnect the flow 


of air 



A 


Fig 1 — A schematic lepresentation of the apparatus 
employed to measure the rate of water loss from the 
lespiratory tract The mouthpiece (e) is placed in the 
subject’s mouth, and his nose is clipped closed On 
breathing he inspires room air through tubing (1) 
The air passes thiough the “subject meter,” where its 
volume is recorded It then passes through the flutter 
Naive and housing (c) and through rubber tube (d) 
into his lungs On expiration the air ' passes out 
through the side tubing in the mouthpiece through 
the heated rubber efferent tube (insert A ) into alum- 
inum coil (;) and out through the trap (h), stopcock 


>1 The meters are ordinary commeicial test 
gas meters which measure the volume of air flow 
under low pressure to an accuracy of about 30 cc 
All air that circulates through the lungs and 
coils passes thiough the meters so that the 
volume and late of circulation of an may be 
determined 

2 Aluminum coils aie constiucted and em- 
ployed essentially as described for the coils used 
for measui mg water loss from the skm 9 The 
coils are made to weigh less than 200 Gm , so 
that they can be weighed on an ordinary analytic 
balance The internal diameter of the aluminum 
coils is about 16 mm and the walls about 0 7 mm 
thick The length of tubing in each coil is about 
160 cm There is no kinking of the tubing, and 
the diametei of the coils is small enough for them 
to be placed on an ordinary analytic balance 
A finished coil is shown m figure 2 Each open 
end of the coil is connected by lubber tubing to 
an aluminum stopcock, to make it possible to iso- 
late the lumen of the collecting coil fiom the 



Fig 2 — A schematic representation of the aluminum; 
collecting coils Insert A shows the details of con- 1 
struction of the trap (T) used to prevent the es’cape 
of frozen Nvater on expiration Parts a and b are fine, 
meshed brass filters, c, e' and e" are air spaces be- [ 
tween the filters which allow free circulation of the 
'expired air ' 


(g) and flutter valve (0 into the atmosphere 
1 Copper — constantan thermocouples (Tj, Ts and To) 
are used to record the temperature of the inspired and 
expired air The brass bellows (a) with pivoted lever 
is connected to the tubing ( d ) by means of rubber tub- 
ing ( [b ) and indicates mechanically the phases of res- 
piration 

Room air is 'drawn b\ means of a suction system 
through rubber tubing (in) and through the control 
meter, where its \oIume is recorded It is then drawn 
through aluminum coil (;), through the trap and then 
out into the suction system by means of tubing ( r ) 

Insert A shows the nature of the construction of 
the electrically heated efferent tubing carrying the 
expired air to the aluminum coil A wall (it) is con- 
structed hi each mouthpiece to prevent the inspired 
and expired air from mixing outside the subject’s mouth 


atmosphere By carefully varying the amount of 
rubber tubing and aluminum tubing slightly, all 
coils are made to weigh about the same (within 
a few milligrams) to facilitate weighings 

A metal filter (insert A, fig 2) is placed just 
proximal to the stopcock guarding the exit from 
the coils, to prevent any of the condensed frozen 
expired water from being blown out of the coils : 

9 Neumann, C , Cohn, A E , and Burch, G E , 
A Quantitative Method for the Measurement of tin 
Rate of Water Loss from Small Areas, with Result 
for Finger Tip, Toe Tip, and Posteno-Supenor Por, 
tion of the Pinna of Normal Resting Subjects, Arr 
T Physiol 132 748, 1941 
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This filtei consists of a short broad thm-walled 
cylmdnc aluminum housing and two layers of 
100 mesh per square inch brass screen The two 
layers of screen filter are kept apart from each 
other by means of a metal ring (f, insert A, fig 
2) The diameter of the housing is 40 cm and 
the length 1 0 cm The large diameter reduces 
the resistance to the flow of air through the hous- 
ing, and the double layer of filter insures com- 
plete trapping of the snow 

3 The rubber tubing, fluttei valves and 
mouthpiece are connected as shown in figure 1 
A nichrome heater ( o , insert A, fig 1) suriounds 
the efferent tube (p) leading from the mouth- 
piece to the subject collecting coil 10 to maintain 
the walls of this efferent tubing at a temperature 
of 92 F (33 4 C ) to prevent condensation of 
expired water within its walls A rheostat is con- 
nected m series with the heater to vary the heater 
temperature whenever the environmental tem- 
perature is varied 

In use, the previously dried (by fanning with 
an electric fan and by wiping the external sur- 
face and drawing air through the interior) and 
weighed coils are placed in a thermos jar and iced 
with chips of solid carbon dioxide (fig 1) 
This procedure cools the coils to about — 70 C 
The coils are then connected to the meters, the 
patient and the air suction lines as indicated by 
figure 1 The room in which the studies are con- 
ducted is air conditioned The subject, who has 
rested a given period, inserts the mouthpiece 
(such as is used for ordinary clinical measure- 
ments of metabolic rate) in his mouth and adjusts 
his chair and the apparatus so that he is com- 
| fortable and well relaxed He is instructed to 
| breathe through his nose while all stopcocks are 

I opened and air lines through the subject coil 

I I made patent The nose is then closed with a clip, 

1 1 and timing with a stopwatch is started simulta- 
hneously The subject then inhales air from the 
broom through the subject meter (fig 1) into his 

| lungs, out through the warm efferent tube (p) 
land through the subject coil (;), where the 
’expired water condenses, the dry air escaping 
| into the atmosphere This procedure is continued 
ijfor a period of five minutes 

Simultaneously with the collection of the 
jexpired water from the subject, an equal volume 
jof room air is drawn through the loom meter 
'land through the room coil (j), the dry room air 
i escaping into the vacuum system providing the 
i suction The intake openings for the subject 

l. 10 The term “subject coil” is employed to indicate 
' the aluminum collecting coil used to trap the expired 
h water and “room coil” to indicate the collecting coil 
; J>used t0 measure the water content of an equal volume 
'lif room air 


meter and the room meter are placed adjacent to 
each other in order to insure an entrance of simi- 
lar room air into both systems, that of the patient 
and that of the control, or room air, system 
After a given period (accurately recorded) of 
study, the stopcocks guarding the collecting coils 
are closed The coils are dried by fanning and 
wiping and are weighed again The gam m 
weight represents the quantity of water collected 
over the known period of tune and after known 
volumes of air have nrigated the respiratory 
tiact From the known quantities, the subject’s 
weight and height, the grams of water collected 
and the tune, the rate of water loss is calculated, 
expressed m grams per square meter of body 
surface per ten minutes 

The number of grams of water collected m the 
subject coil repiesents (1) the water in the room 
air inspired and (2) the water lost from the 
respiratory tract The water collected in the room 
coil represents the water contained m the room 
air inspired The difference between the number 
of grams of water collected m the subject coil and 
that collected in the room coil represents the 
quantity of watei lost from the respiratory tract 

CALIBRATION AND TESTING OF APPARATUS 
AND METHOD 

1 Accia acy of the Method — To determine the 
accuracy of the method a Kjeldahl connection 
bulb containing water was placed m the air line 
of the subject coil and meter in the relative posi- 
tion occupied by the subject Air was drawn 
through the subject meter, through the connec- 
tion bulb containing a known amount of watei 
and then through the subject coil Simultaneously 
an equal volume of room air was drawn through 
the room meter and coil By weighing the coils 
and connection bulb before and after this pro- 
cedure, it was possible to determine the accuracy 
of the method for collecting expired water It 
was possible to vary the quantity of water lost by 
the connection bulb by heating the bulb 

The results are shown in the table The mean 
error is — 0 27 per cent and the extremes -f- 1 25 
and — 1 27 per cent The results were not influ- 
enced by the quantity of water collected within the 
limits of amounts involved when subjects were 
studied More rapid rates of water loss were not 
studied Variations in the rate of 'air flow within 
the limits encountered when studying subjects did 
not influence the accuracy of the method 

2 Completeness of Collection of Watei by a 
Single Collecting Coil — In order to determine 
the completeness with which the water is trapped 
by the subject coil, two coils were connected m 
series and iced with solid carbon dioxide Room 



BURCH WATER AND HEA1 LOSS FROM RESPIRATORY TRACT 


air was drawn through the coils, or a subject 
expired through the coils It was found that the 
first coil through which the moisture-laden room 
air or expired air entered trapped the moisture 
almost completely For example, when the quan- 
tity of water trapped by the first coil was about 
400 mg , the maximum amount of water collected 
by the second collecting coil m the series did not 
exceed 4 mg When the first coil collected about 
1,500 mg of water, the second coil collected a 
maximum of 17 mg These figures would seem to 
indicate that when quantities of water collected 


The Accuracy of the Proposed Method foi Measuring 
the Rate of Water Loss Fioin the 
Respiratory Tract 


Test Ko 

Knott n 
Water Loss, 
Gm 

Water 

Collected, 

Gm 

Error, 

Gm 

Error, 
per Cent 

1 

0 7943 

0 7899 

—0 0044 

— 0 55 

2 

10578 

10553 

■ — 0 0025 

—0 24 

A 

0 7657 

0 7646 

—0 0011 

—014 

4 

0 7G53 

0 7602 

—0 0051 

—0 67 

5 

0 7061 

0 7152 

+0 0088 

+1 25 

0 

0 8103 

0 8112 

—0 0051 

—002 

7 

0 8590 

0 8050 

+OOOGO 

+0 70 

8 

10781 

10730 

—0 0051 

—0 47 

0 

10821 

10743 

—0 0078 

—0 72 

10 

0 8337 

0 8231 

—0 OlCG 

—1 27 

Mean 

0 87593 

0 87324 

—0 0027 

—0 27 

Maximum 

10821 

10743 

+0 00S8 

+1 25 

Minimum 

0 7061 

0 7152 

— 0 0100 

—127 


are near 1 Gm or less the error due to incomplete 
removal of the water from the expired air is less 
than 1 per cent It will be seen m the papers to 
follow that in the usual experiment the water 
collected m any one collecting coil rarely exceeds 
1 Gm 

3 The Control of Water in Room An — The 
accuracy of the method depends on the accuracy 
with which the water in the room air is measured 
For example, room air is drawn through the two 
meters and collecting coils simultaneously and 
through the orifices of two rubber tubes placed 
adjacently (fig 1) It is possible that the water 
contents of air entering each differ To test this 
possibility, loom air of equal volume was drawn 
through a separate meter and coil simultaneously 

In a typical experiment, one coil cqllected 
0 4686 Gm of moisture from the room air, and 
the other collected 0 4685 Gm from an equal 
volume of room air These amounts indicate that 
the method employed for controlling the moisture 
m the room air is satisfactory 

4 Ei lots Involved m Diymg and Weighing 
the Collecting Cods — The process of drying the 
outside of the coils by wiping and fanning and 
of weighing, icing them, drying them again by 
wiping and fanning and then weighing them 
again must entail certain errors As a test, sev- 
eral coils were put through the process outlined 
ui the preceding sentence The results showed an 


error not exceeding 2 mg and usually amounting 
to less than 1 mg This is a surprisingly small 
error considering the surface area of the coils, the 
method of drying and the accuracy of the balance 
(±01 mg ) used for the weights 

5 Resistance to Air Flow Tlviough the Cods 
—The length of the aluminum tubing and the 
diameter of the lumen has increased the friction 
to the flow of air from the respiratory tract on 
expiration By placing a T tube in the system of 
tubing near the mouthpiece and connecting this 
to a mercury manometer, it was found that the 
pressure of expiration on quiet respiration aver- 
aged -f 36 mm of water (2 6 mm of mercury), 
the extremes being 30 and 40 The pressure 
on inspiration was of essentially the same mag- 
nitude but negative When inspiration or ex- 
piration was sudden or jerky, the pressure 
changes were slightly greater 

6 Condensation of Moisture in the System 
Other than in the Collecting Cods , — The first 
group of experiments showing the accuracy of 
the method indicated the lack of any appreciable 
loss of water by condensation m the system other 
than m the collecting coils The heater around 
the efferent tubing prevented any such loss As 
will be seen, a thermocouple placed within the 
efferent tube made it possible to be sure that 
sufficient warmth of the walls of the efferent tube 
existed prior to the start of any study m order to 
prevent condensation on its walls Furthermore, 
segments of glass tubing were placed in various 
places withm the system The failure of the walls 
of the glass tube to be clouded by water con- 
densing on their surfaces after prolonged breath- 
ing through the system indicated that no large 
quantities of water were lost by condensation 
within the tubings 

II METHOD FOR MEASURING THE RATE 
OF HEAT LOSS FROM THE RE- 
SPIRATORY TRACT 

With only relatively slight modifications, the 
method just described for determinations of water 
loss may be used to measure the heat loss from 
the lungs simultaneously with the water loss 

Heat is lost from the lungs by (1) evaporation 
of water, (2) warming of inspired air (convec- 
tion) and (3) decomposition of carbonic acid m 
solution to carbon dioxide gas with expiration 
The first is measured by the method just 
described, therefore making it necessary to mea- 
sure only two other factors, the kilogram calories 
lost by (1) warming inspired air and (2) the! 
excretion of carbon dioxide | 

The Method foi Measimng Heat Loss by 
Warming of Inspired An (Convection) —To 
measure the heat loss by warming of inspired air 
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thermocouples were placed m the efferent tube 
( p ), m the afferent tube ( d ) and at the site of 
entrance of the room air into the subject meter 
(fig 1) These made it possible to determine 
with a potentiometer (accurate to 0 1 degree 
[C]) the temperature of the inspired and 
expired air The subject meter lecorded the 
volume of inspired air in a known period of time 
From the temperatuie of the expued air and 
from the number of grams of water lemoved 
from the expired air, it was possible to determine 
the mass of an expued as well as its specific heat 
With these factors known it was possible to cal- 
culate the late of heat loss by convection 

The fine wire used foi the thermocouples 
(copper-constantan) made it possible to recoid 
the temperature of the expired air during expi- 
ration as the expired air passed over the thermo- 
couple junction The heat from the mchiome 
, heater around the efferent tube did not interfere 
with the recording accuiately of the temperature 
| of the expired air, because of the heater’s being 
1 outside a thick-walled rubbei tubing (rubber is 
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1 | 156 60 I 1 ■ ■ ' — ■ * ‘ ‘ ‘ • 
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1 Successive Determinations 

I Fig 3 — The influence of the temperature of the 
j jhejiter jacket and efferent tube (insert A, fig 1) on the 
| ! i temperature of the expired air The conditions of the 
, room (temperatures by dry bulb and wet bulb ther- 
j mometers and relative humidity) are shown 

i ' 

ia good insulatoi of heat) , because of the fineness 
! ! of the thermocouple wire and because of the 
'j' setting of the temperature of the heatei at a level 
jhery near (0 to 1 C variation) the temperature 
j';of the expired air Figure 3 shows that the tem- 
jiperature of the heater did not influence the 
i|iecording of the expired air unless the tempera- 
i ture of the heater exceeded 36 C (about 96 F ) 
‘For heater temperatures as low as 21 C (about 
70 F ) the recording of the expired air tem- 
■ perature was not altered 

The temperatures are recorded from two to 
( ‘.four minutes after the subject begins to respire 
1, r ;! n the v ater-collectirtg apparatus It does not 
! ! a he nearly as long as two minutes for a state of 


equilibrium to be reached, but to avoid enors it 
is preferable to wait at least two minutes 

The Measurement of Heat Loss hyExci etion of 
Caibon Dioxide — The excretion of caibon diox- 
ide was measured by having the subject bieathe 
m a Benedict-Roth type of clinical machine for 
measuring the basal metabolic late immediately 
after collecting the expired water, measuring 
inspired and expired ail temperatures and so on 
This was done without allowing the subject to 
move from his previous sitting position used for 
measuring the expued watei Since the subjects 
were all normal adults on a mixed diet the rate 
of liberation of caibon dioxide was calculated 
from the rate of absorption of oxygen as lecorded 
by the BMR machine This calculation was 
made by using a respiratoiy quotient of 0 83, 
that is, C0 2 (liteis) = 0 83 0 2 (liters) 

At the same time the recorded metabolic rate 
(MR), not basal metabolic rate (BMR), was 
detei mined Since the subjects rested from thirty 
to sixty minutes in the observation room before 
the metabolic late was recorded, it is fairly safe to 
assume that the body was in temperatuie equi- 
librium with the environment and that, therefore, 
the total body heat production (determined from 
the metabolic rate) was equal to the total heat 
loss This assumption certainly is tiue when the 
subject is m heat equilibrium with his environ- 
ment From this measured heat loss it is possible 
then to express heat loss by all or any ot the three 
previously mentioned components of respiratoiy 
heat loss as per cent of total body heat loss 
By measuring the subject’s height and "weight 
it is possible to correct for body size This is done 
by expressing all heat loss in units of kilogram 
calones (large or physiologic) per squaie meter 
of surface area per ten minutes 

MATHEMATICAL CONSIDERATION OF HEAT 
LOSS FROM THE RESPIRATORY TRACT 

The heat loss from the respiratoi} tiact, as 
previously mentioned, consists of tin ee com- 
ponents It does not include heat loss b) con- 
duction oi radiation, two factors impoitant in 
heat loss from the suiface of the body The loss 
of heat I 11 from the lungs may be expressed as 

H = /i E + tic — flCO’', (1) 

where 

H — Total heat loss from the respiratory tract 
tiE = Heat loss by evaporation of water fiom the 
membranes of the respiratory tract 
tic = Heat loss by warming inspired air (convec- 
tion) , (tins may be a positive number if air 
warmer than body temperature is inspired) 

11 Units for heat loss henceforth will be kilogram 
calories per square meter of surface area of body per 
ten minutes 
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hco = Heat loss by virtue of the decomposition of 
HjCOs in solution to CCk gas, which is 
expired 

The heat loss by evaporation of watei may be 
expressed as 

, 0 575 w (2) 

h = —~A 

where 

h F = kilogram calory per square meter of surface 
area per ten minutes 

W = grams of water lost from the respuatory 
tract per ten minutes 

A = surface area of the subject in square meteis 
The parameter 0 575 is the part of a kilogram calory 
necessary to vaporize 1 Gm of water at a tempera- 
ture of 37 25 C 

The heat lost by convection (heating of 
mspned air) may be expressed as 

Itc = *U*=r*L L (3) 

A 

where 


h c ~ kilogram calorj per square meter of surface 
area per ten minutes 

M — mass of air expired (in grams) m ten minutes 

f 1 = temperature of the expired air m degrees 
Centigrade 

t — temperature of the inspired air m degrees 
Centigrade 

S = specific heat of an 

A = surface area of the subject’s body in squaie 
meters 


Equation ( 3 ) becomes (for diy air) 

hr. — 0 2404 M (ti — t) __ 2404 M (fl~t) rAS 

1000 A ~ 10 'A ' 

The heat lost by the exci etion of C 0 2 may be 
expressed at standard conditions as 


h co: — 

wheie 


L hr 
22 4 A 


(5) 


fico: = kilogram calory per square meter of surface 
area per ten minutes 

L — liters of COs expired m ten minutes 
hs = kilogram calory of heat absorbed per mol of 
COs gas liberated when ITCCb m solution is 
decomposed 

A = surface area of the subject’s body m square 
meters 

22 4 = volume of a mol of a gas under standard 
conditions 


Equation 5 becomes 


From the theimochenncal equations, the decom- 
position of carbonic acid m an infinite dilution 
to watei and carbon dioxide is associated with 
tlie absoiption of 4 7 kilogram calories for each 
mol of caibon dioxide bbeiated The blood m the 
lungs is not trul} r an infinite dilution of carbonic 
acid, but for practical purposes it may be con- 
sidered as such 


Fiom equations ( 2 ), ( 4 ) and ( 6 ), equation ( 1 ) 
becomes 

T j_ 0 575 W + 2404 M (t 1 — t) + 47 L 
A 10" A 22 4 A 

COMMENT 

The method for measuring expired water is 
accurate and simple to use It can be used m 
the study of subjects when exercising, sitting ‘01 
lying Vanations m the conditions of the 100m 
an do not influence the results, since the watei 
m the 100111 air is collected and measured simul- 
taneously with the expired water The piessuie 
of 30 to 40 111111 of water against which the 
subjects must expire is an objection and may be 
eliminated when the piopei type of aluminum 
tubing becomes available That, howevei , is not 
a serious objection, since the pressme is not 
high and is fairly constant 

The methods used by otheis 12 have not been 
accurately calibrated and in many instances not 
calibrated at all The completeness of absoiption 
.of the expired air has not been carefully detei- 
mined All of them offer a certain amount of 
resistance to expiration, a factor not quantitively 
expressed 111 the published reports 

Sulfuric acid has been one of the agents fie- 
quently employed to absorb the expued moisture 
’ It does not lend itself well for such measure- 
ments, since a relatively large volume of sulfuric 
acid must be used to absorb completely the mois- 
ture 111 the expired air Such large volumes aie 
difficult to weigh accuiately during shoit time 
studies as well as dangerous to use 

In the use of cold aluminum coils, distinction 
of the lumen by fiozen watei has not occuned 
111 a single instance Of course, it is necessary 
to make certain that the mtei 101 of the coils is 
diy and that the studies do not extend over too 
long a period of time Five minute studies weie 
conducted 111 observations made m the Laboia- 
tory of Tropical Physiology As shown 111 
figure 2 , a filtei was inserted proximal to the 
stopcock at the exit of the coil m ordei to pre- 
vent any of the snow 01 frozen water from being 
blown out of the coil Tbei e has been no 
plugging of the filter during the studies in this 
laboratory 

The methods for the measurement of heat loss 
fiom the respiratoiy tract and the partition into 
the three components, ( 1 ) heat loss by evapo- 
ration of water, ( 2 ) heat loss by warming of in- 
spired air and ( 3 ) heat loss by excretion of 
carbon dioxide, are not complicated Of the * 
thiee, the measurement of heat loss b\ evapo- 

12 Hill 1(3 Galeotti and Signorelli 22 Galeotti 2b 

Weynch 3 Loewy and Gerhartz 4 Benedict and Bene- 
dict 3 
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ration of water is most accurate In a group of 
studies, measurement of water loss from the 
lungs is accurate to about 0 3 per cent without 
altering the practicability of the measurements 
The measurements of heat loss by the other two 
factors (ha and hco ) may be made more accu- 
late by the use of more sensitive but less prac- 
tical methods than those outlined The accuracy 
of the methods presented is great enough, and 
the methods are still simple and practical enough 
for use in the study of many normal and dis- 
eased subjects The results of such studies are 
presented in detail in another paper 13 

It is obvious that more satisfactory measure- 
ments of heat loss can be made in a room with its 
temperature and relative Humidity controlled, 
such a room being employed in studies reported 

13 Burch, G E The Rate of Water and Heat 
Loss from the Respiratory Tract in Normal Subjects 
in a Subtropical Climate, to be published 


from the Laboratory of Tiopical Physiology 1 
This is not necessary, however, since all the 
measurements can be made within an hour, dur- 
ing which time the atmospheric conditions of 
most observation rooms are constant, and it is 
then necessary only to measure and describe 
the conditions of the room during the study 

SUMMARY 

A simple and practical giavimetric method 
was devised for the measurement of water loss 
from the respiratory tract The mean accuracy 
of the method is about 0 3 pei cent and the 
extremes ±13 pei cent The use of the 
method w ? as studied 

A method was devised for the measurement 
of heat loss from the respiratory tract The 
components of the heat loss were measured 
separately 

Mr G Morgavi assisted in these studies 



RATE OF WATER AND HEAT LOSS FROM THE RESPIRATORY TRACT 
OF NORMAL SUBJECTS IN A SUBTROPICAL CLIMATE 
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The rate of water loss and heat loss from the 
lungs of man has not received much attention 
during the past two decades Most of the 
studies were conducted m the latter part of the 
last century and the' early part of this one 1 
In studies of insensible perspiration, water loss 
from the lungs was measured indirectly by a 
large sensitive balance, a method originated by 
Sanctonus 2 More recently Seeley 3 and Christie 
and Loomis 4 have studied the temperature of 
expired air and some aspects of expired water 
Except for the early studies, there have been 
no detailed observations of late devoted to a 
quantitative measurement of expired water and 
to the study of factors influencing this loss 
There are considerable discrepancies in the early 
papers For example, Weyrich ld stated that 

From the Department of Medicine, Tulane University 
School of Medicine and Charity Hospital 

Aided by a grant from the Helis Institute for 
Medical Research and the Rockefeller Foundation 

1 (a) Galeotti, G , and Signorelli, E Ueber die 

Wasserbilanz wahrend der Ruhe und bei der Anstren- 
gung lm Hochgebirge, Biochem Ztschr 41*268, 1912 
(b) Loewy, A , and Gerhartz, H Ueber die Tempera- 
ture der Expirationsluft und der Lungenluft, Arch f 
d ges Physiol 155 231, 1914 (c) Benedict, F G, 
and Benedict, C G Perspiratio msensibilis Ihr 
Wesen und ihre Ursachen, Biochem Ztschr 186 * 
278, 1927 (cl) Weyrich, W Beobachtungen uber die 
unmerkliche Wasserausscheidung der Lungen und ihr 
Verhaltmss zur Hautperspiration, Dorpat, E J 
Karow, 1865 (c) Rubner, M Notiz uber die Was- 
serdampfausscheidung durch die Lunge, Arch f Hyg 
33*151, 1898 (/) Galeotti, G Wassergehalt und 

Temperatur der ausgeatrneter Luft, Arch f d ges 
Physiol 160.27, 1914-1915, (p) Ueber die Ausschei- 
dung des Wassers bei der Atmung, Biochem Ztschr 
46 173, 1912 (h) Loewy, A, and Gerhartz, H Ueber 
die Ausscheidung des Wasser bei der Atmung, Bio- 
chem Ztschr 47 343, 1912 

2 Benedict, F G , and Root, H F Insensible 
Perspiration Its Relation to Human Physiology and 
Pathology, Arch Int Med 38 1 (July) 1926 New- 
burgh, L H, and Johnston, N \V The Insensible 
Loss of Water, Physiol Rev 22 1, 1942 

3 Seeley, L E Stud} of Changes in the Tempera- 
ture and Water Vapor Content of Respired Air m 
the Nasal Cavity, Tr Am Soc Heat & Vent Engin 
46 259, 1940 

4 Christie, R V , and Loomis, A L The Pressure 
77 35^1932 VaP ° Ur m the Alveo5ar Alr > J Physiol 


he had definitely shown that expired air is com- 
pletely saturated with water vapor Galeotti, 12 
on the other hand, found pulmonary air at body 
tempeiature to be only partially saturated at 
the temperature of expired air It is known, 
however, that it is impossible completely to 
saturate inspired air with water from the sur- 
faces of the respiratory tract, for the water on 
these surfaces contains colloid and crystalloid 
materials The early studies m the literature 
also failed to consider adequately the conditions 
of the inspired air, the nature of respiratory 
conditions of the patient and many other fac- 
tors concerned with the elimination of water 
by respiration Seeley, 3 m an excellent report, 
considered many of the factors influencing the 
loss of water by the lungs His studies should 
have been extended further, to include more 
subjects and more quantitative data Studies 
in a subtropical climate have been neglected As 
was pointed out previously, it is relatively simple 
to measure the heat loss with an evaluation 
of its various components while measuring the 
rate of water loss from the respiratory tract 5 

This report is concerned with (1) measure- 
ments of the rate of water loss from the respira- 
tory tract of normal young adults, (2) study 
of factors influencing this water loss and (3) 
measurements of the rate of heat loss from the 
respiratory tract, with its partition into three 
mam factors All subjects lived m a subtropical 
climate and were studied under various condi- 
tions of room temperature and relative humidity 
so as to simulate tropical, desert and cool envi- 
ronments It w^as the purpose of this study to 
measure these physiologic phenomena m a sub- 
ject sitting quietly, not in a basal state, under 
known environmental conditions, the attempt 
being made to duplicate conditions of any man 
merely sitting restfully m his home 

METHODS AND MATERIAL 

The methods used for the measurements of water and 
heat loss fr om the respirator} tract have been 

5 Burch, G E A Study of Heat and Water' 
Loss from the Respiratory Tract of Man Methods I 
A Gravimetric Method for the Measurement of the 
Rate of Water Loss, II A Quantitative Method for 
the Study of the Rate of Heat Loss, this issue, p 308 
315 
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described 5 All 107 subjects studied \aned from 17 
to 43 years of age unless otherwise stated Except 
for 4 subjects, all were less than 30 years of age and 
only 3 uere less than 20 years (one 17 years and two 
19) There were 8 older subjects (fig 1) for whom 
only the rate of water loss was measured The sub- 
jects were normal and experienced around laboratories 
and included both sexes and the white and Negro 
races They were eating an average American diet and 
were free from anv mild infections The subjects were 
studied from two to four hours postprandially The 
observations were made in an air-conditioned room 
Unless otherwise stated, the room was comfortable 
to practically all - subjects , that is, the temperature 
■\aned from 20 to 21 1 C (68 to 70 F ) and the rela- 
te e humidity from 55 to 60 per cent (l The subjects 
who considered the room a little cool were allowed to 
put on a light jacket to provide comfort Any varia- 
tions in the room conditions from those described will 
be noted 

The studies were conducted m New Orleans during 
the months of August through December 1944 and 
Januaiy 1945 

All subjects rested, sitting quietly from twenty to 
forty -five minutes, usually thirty minutes, in com- 
fortable chairs before the observations were begun 
They entered into peaceful conversation with the 
observers and shifted in their chairs as desired They 
were not in a basal state The room was specially 
constructed to reduce psychic influences from, noises, 
excessne laboratory apparatus and the like Only one 
or two observers were present at anv one time 



Fig 1 — The rate of water loss from the respiratoiy 
tract of 56 normal young adults in a subtropical cli- 
mate sitting in a comfortable environment (temperature 
20 0 to 21 1 C and relatne humidity 55 to 60 per cent) 
The older age group consists of 8 normal subjects 
\arving from 50 to 60 years of age 

After the rest period, the subject was connected to 
the apparatus During a period of five minutes the 
water and heat loss were measured A sling psy- 
chrometer was used from one to three times during the 
fi\e minute period to determine the conditions of the 
room air At the completion of the five minute period 
the subject was allowed to rest for about ten minutes, 
and then the rate of his total body heat production, 
elimination of carbon dioxide, volume of tidal air and 
. respiratory rate uere recorded yyith a clinical type of 
i Benedict-Roth B hi R machine For manv subjects 

j 6 Henceforth, a comfortable room will mean one 
, "‘‘h the air temperature and relative humidity as 
J indicated 

l 


the measurements were repeated at intervals varying 
from a few minutes to days or weeks 
For the sake of clarity and continuity of thought 
the various experiments and results are grouped sep- 
arated for presentation and comment 


I THE RATE OT WATER LOSS TROM 
THE RESPIRATORY TRACT 

During two hot summex months (August and 
September 1944) in New Orleans the mean 
rate of water loss fiom the respiratory tract for 
an entiie group of 56 normal young adults vary- 
ing in age from 17 to 43 years was 0 842 Gm 
per square metei of sui face area of the body per 
ten minutes, 7 the exti ernes being 0 527 and 1 172 
Gm The detailed values for the sexes and for 
the tw r o laces aie shown m figure 1 There was 
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Fig 2 — A representation of the high correlation of 
the rate of yvater loss from the respiratory tract and 
the rate of irrigation of the respiratory tract with air 
in 56 normal young adults sitting in a comfortable 
enyironment (temperature 20 0 to 211 C and relative 
humidity 50 to 60 per cent) 


no significant difference due to sex or lace The 
statistical constants for the rate of watei loss 
yvere 

Mean, 0 878 ± 0 030 Gm per square meter per ten 

minutes 

Standard deviation, 0 333 ± 0 021 Gm per square 

meter per ten minutes 

Coefficient of variation, 37 90 ± 249 per cent 

The mean rate yyith which the respnatory tract 
" as lrngated with room air yvas 38 326 liteis per 
square metei of suiface area per ten minutes, the 
extremes being 28 316 and 53 250 liters There 
y\as no significant difference due to sex or race 
The statistical constants for the rate with which 

7 The rate of yvater loss is expressed henceforth in 
grams per square meter of surface areq of the body' per 
ten minutes All values, yvhen indicated, yvere ex- 
pressed according to surface area and ten minute 
mtery'als of time 
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the respiratory tract was irrigated with air weie 
Mean, 38286 ± 0 933 liters per square meter per ten 
minutes 

Standard deviation, 10216 ± 0651 liters per square 
meter per ten minutes 

Coefficient of variation, 26 68 ± 1 82 per cent 

The individual values for the rate of water loss 
2 nd the rate of irrigation of the respnatory tract 
vith room air aie shown m figure 2 There is a 
high positive correlation between these two van- 
ables This is borne out by statistical analysis, 
the cori elation coefficient being -f~ 0914 ± 

0 015 

The Influence of Season — During the rela- 
tively cool month of January these observations 
were repeated on 27 normal young adults (8 
were the same subjects studied during the sum- 
mer and 19 were different) to study seasonal 
influences The conditions of the experiments 
were the same as for the summer There were 
no significant seasonal differences noted The 
mean late of water loss from the respiratory 
tract w as 0 804 Gin per square meter pei ten 
minutes, with the extremes being 0 50S and 
1 205 Gm The mean rate of irrigation of the 
lespiratoiy tiact with air was 35 577 liters pei 
square meter per ten minutes, the extremes being 
26 733 and 49 211 liters The rate of w r ater loVs 
and irrigation of the respiratory tract with an 
con elated very highly again, the correlation 
coefficient being -f- 0 878 ± 0 030 Thus it can 
be seen that thfei e was no significant seasonal 
influence on the rate of w r ater loss fiom the 
i espiratory tract 

The Influence of Exeicisc — The influence of 
mild exercise on w'ater loss from the respiratory 
tiact was studied m 5 normal young adults In 
each subject the late of water loss w r as measured 
as pieviously descubed, and then each v ? as made 
to lun in place with moderate rapidity foi a 
period of ninety seconds, and 'the measurements 
weie i epeated The effects of mild exercise on 
the rate of "water loss, late of irrigation of the 
lespiratoiy tract with air and tempeiature of 
the expued air aie summarized briefly by figure 
3 The temperature of the expired air was not 
changed oi w as only slightly reduced by exercise, 
theie being an average drop of only 0 3 degree 
(C ) The rate of water loss from the respiratory 
tiact was definitely increased b} r exercise, an 
mci ease of 36 3 pei cent being recorded The 
late of irrigation of the respiratory tract with 
air likewise was increased, an increase of 45 1 
per cent being noted The increase m the rate of 
water loss is to be expected, since exercise is 
known to increase the late of irrigation of the 
lungs with air and as just noted, there is a 


dnect and high correlation of the rate of watei 
loss from the respiratory tract with the rate of 
lirigation of the respuatory tract with air 

The Influence of Breathing Though the A r ose 
oi Mouth on the Rate of Watei Loss — In the 
method employed the subjects breathed thiough 
the mouth Normally most breathing is thiough 
the nose To learn whether or not breathing 
thiough the nose or mouth would influence the 
lesults, measurements were made for five sub- 
jects, under identical conditions, breathing 
through the nose and then through the mouth 
Special nose pieces weie used for the nose No 
significant difference was noted m the rate of 
water loss Foi example, for 1 subject the rate 
of wrater loss through the nose was 0 6945 Gm 
per square meter per ten minutes and through 
the mouth 0 6903 Gm pei square meter per ten 
minutes The temperature of the expired air w ? as 
essentially the same with both routes of bieath- 

Tcmparteure expired <iir -ov KlOCdegreesC) o. 

■Rilaof irrigation of lur^3 ujithair-o vx |£) (tit /rnVlOrmn> tQ 
Rate of water loss=ov CgrrOnV/lLOrmrO <> 

o-v = ordinate value Si 



T&tnpxtatera Rate of "Rate of Tamperaluie Rate of Rate of 

r ixpirad I impahon water expired LrnDahon water 

air with air loss >air with air lo5S 

, .RESTING- ’ ' EXER-CrSE ' 

Fig 3 — The effects of mild exercise on temperature 
of the expired air, rate of water loss and rate oi 
irrigation of the respiratory tract with air m 5 normal 
young adults , 

mg, averaging 33 6 C foi the nasal route and 
34 4 C for the oral i oute There was complete 
overlapping of the variations Tins conclusion 
i? not surprising m view of the lesults of Seeley ' £ 
and Christie and Loomis 4 These obseivers 
showed that the greatest amounts of water and 
heat are added to inspired air m the alveoli, m 
which there is more surface area and, therefore 
more water and more heat m direct contact with 
the air Whether or not the same results would 
be encountered m long experiments is not know n 
These studies lasted only five minutes 

The Influence of Depth and Rate of Respiration 
on the Rate of Watei Loss — Seven normal sub- 
jects were studied under identical conditions foi 
the rate of water loss from the respiratory trad 
with normal rapid and shallow breathing anc 
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then with slow and deep breathing No attempt 
was made to quantitate the rates or depths of 
breathing except to make certain that they were 
different 

The results are shown in figure 4 The rate 
of water loss from the respiratory tract essen- 
tially doubled with rapid and shallow breathing 
over that with normal quiet breathing and 
inci eased about 1 8 times with slow and deep 
breathing There was a more or less comparable 
increase in the rate of irrigation of the respira- 
tory tract with air The quantity of air irrigating 
the respiratory tract and not the nature of the 
breathing was the principal factor which deter- 
mined the rate of water loss However, the data 

1 -J-Rata ot Watar Lass [Gm/IOmmi 

Rate of- [rriqatton oL L urujs ujithAir.. (Lit/lOmini 
Absolute value = Ordinate valu<2 WOO 





Fig 4 — The influence of respiratory rate and depth 
on the rate of water loss Again, the rate of water 
loss is determined mainly by the rate of irrigation of 
the respiratory tract by air 


(fig 4) show that more water is lost from the 
lungs per unit volume of air inspired with deep 
and slow bieathing than with rapid and shallow 
This greater water loss is probably due to the 
fact that the air remains in the lungs for a longer 
time with deep breathing, thus allowing more 
time for the water on the surface of the respira- 
tory tract to evaporate and to diffuse into the 
inspired air before it is expired 

The Effect of Room Tempeiatui e and 
Humidity (Cool and Diy, Cool and Foggy, 
Comf oi table, Hot and Diy and Hot and Wet ) 
on Watei Loss — Fourteen normal white adults 
jj(23 to 40 years old and all except 1 being female) 
.iwere studied to learn the influence of variations 
m the room air on the heat and water loss from 
the respiratory tract Some of the measurements 
y ere made on different days, since it was not 
•\ possible to study the influence of all room condi- 
tions m immediate succession 


The results, including the absolute values, are 
summarized in figure 5 for rate of water loss, 
rate of irrigation of the lungs with air and the 
temperature and relative humidity of the expired 
air The room conditions are indicated by the 
figure The temperature of the expired air, the 
lelative humidity of the expired air, the rate 
of water loss from the respiratory tract and the 
late of irrigation of the respiratory tract with 
air were not significantly different when the 
subjects w r ere breathing air in a cool dry room, 
a cool foggy room or a comfortable room (fig 5) 
When the room temperature was increased to 
about 50 C , the rate of w f ater loss did not change 
significantly, but there -was a significant increase 
in the temperature of the expired air and m the 
rate of irrigation of the lungs with air The tem- 
perature of the inspired air (room air) was 
increased over that for the comfortable room 
conditions by about 30 C , while the temperature 
of the expired air increased only dbout 6 degrees 
(C ) This difference indicated a significant 
absorption of heat by the respiratory tract, with 
a cooling of the inspired air by the respiratory 
tract by about 10 C 

In the hot humid atmosphere there was a 
decided drop in the rate of water loss from the 
lespiratory tract and a definite drop in the rela- 
tive humidity of the expired air, while the temper- 
ature of the expired air and the rate of irrigation 
ot the respiratory tract increased slightly over 
that in a hot and dry atmosphere It is obvious 
that m a hot and humid atmosphere the rate of 
water loss does not obey the same laws govern- 
ing the relation with the rate of irrigation of the 
respiratory tract with air 

These findings deserve special comment That 
the rate of water loss from the respiratory tract 
is not significantly different wdien an atmosphere 
of cool dry, cool foggy or a comfortable air is 
breathed is to be expected, since the absolute 
quantities of water vapor per unit volume of air 
at 15 C and 60 per cent relative humidity, 15 C 
and 94 per cent relative humidity or 20 C and 
52 per cent relative humidity aie not very dif- 
ferent, the values being 7 9, 12 4 and 12 7 mg 
per liter, respectively 8 When it is remembered 
that expired air has a temperature of about 33 C 
and a relative humidity of about 88 per cent and 
therefore contains 31 6 mg per liter, it can be 
seen that large and essentially equal amounts of 
water can be and are added to the inspired air 
under the three room conditions before it is 
expired 

8 Marvin, C F Psychrometric Tables, United 
States Department of Agriculture, Weather Bureau, 
1915 
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When hot (much above body temperature) air 
is inspired, the problem becomes different For 
example, when hot dry air, 50 C and 18 per cent 
relative humidity, containing 13 3 mg per liter, 
is inspired and merely cooled by the respiratory 
tract to about 39 C , as has been indicated, the 
relative humidity of the inspired air suddenly 
increases to about 38 per cent, still containing 
13 3 mg per liter This air is capable of taking 
on more water than cool air, but its dryness and 
its ability to remove water from the respiratory 
passage are not as great as might be expected at a 
first glance, that is, when erroneously considering 
the hot dry air inspired without the effects of 


pure Furthermore, the vapor pressure of an 
at 39 C and 80 per cent relative humidity is 
extremely high, and the water vapor would 
therefore be forced out of the nose or mouth 
into the atmosphere with much lower vapor 
pressures before high values of relative humidity 
could be reached In a hot and humid environ- 
ment, then, the rate of water loss from the respir- 
atory tract would be expected to decrease, while 
in a cool and foggy air (relative humidity high 
and absolute amount of water relatively low) 
the rate of water loss would not be expected to 
be significantly different from that in a comfort- 
able environment 


: Relic of UJater loss (gm /m 2 /lQrmn) 

- Ralatiuz. humidity a%QiTaAa.ir(°£) 

Value = ordinate, value X lOO 


y — x — x — Rata of irrigation of raspiratoru trad. ujitK air (lit /m^lOm-in.'l 

Value = ordUnafca value XtOO 

1 — Temperature of expired air (C°) 

Valua = ordLmata value X lOO 



A graphic representation of the influence of room temperature and humidity on rate of water loss, 
heat production CX ^ lre ^ ° ir rigation °f h* n g with air, relative humidity of the expired air and total 


cooling by the respiratory tract This effect 
cooling on hot humid air (50 C and 49 per ce 
relative humidity) is even more pronouna 
n hen such^ air, containing 3 7 1 mg of wat 
per liter, is merely cooled by the respirato 
passage to 39 C , its relative humidity is rais 
tc 80 per cent, but it still contains the same 3/ 
mg of water per liter of air, so that little wat 
can be added to this air by the respiratory tra< 
fins phenomenon was verified and is indicat 
m figure 5 Again it is impossible to reach 
per cent relative humidity m expired a 
because the wate. on the surface of the me. 
anes of the respiratory tract is not chemical 


II TEMPERATURE OF EXPIRED AIR 

The temperature of the expired air measured 
with a thermocouple m 27 sitting normal young 
adults was found to vary between 31 6 and 34 2 
C when the air inspired had a mean temperature 
of 20 5 C (extremes 19 5 and 21 4 C ) and a 
mean relative humidity of 57 2 per cent 
(extremes 54 and 61 per cent) The statistical 
constants found were 
Mean, 3319 ± 021 C 
Standard deviation, 1 58 ± 0 15 C 
Coefficient of variations, 4 76 rfc 0 44 per cent 

As reported previously, 5 the temperature of 
the expired air did not vary significantly with 
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the temperatuie of the inspired air when it was 
as low as 20 C and as high as 36 C When an 
temperatures lnghei than 36 C were mspned, 
the temperature of the expired air increased 5 
Weynch ld found the temperature of the expired 
air to change little even when the temperatuie 
of the inspired air was as low as 0 C The temper- 
atuie of the expired an reported in the literature 
vanes a great deal m some instances, but most 
ot the reports 9 agreed wutli the values found m 
these studies 

When the subjects inspired air from a cool 
drj' atmosphere, the mean temperature of the 
expued an w 7 as 33 1 C , the extremes being 31 7 
and 34 2 C When they inspired cool foggy air, 
the mean temperature of the expired an was 
32 9 C (extremes 32 2 and 33 6) When hot 
dn oi hot moist air was inspired the mean 
tempeiatuie of the expired air was 39 6 C 
( extremes 38 1 and 40 6 C ) and 42 1 C 
(extremes 40 6 and 43 4 C ) respectively 

III RELATIVE HUMIDITY Or EXPIRED AIR 

The temperatuie and the total quantity of 
w r atei m the expued air were determined 8 and 
the relative humidity calculated A statistical 
analysis of the data collected m a study of 27 
normal young sitting adults breathing room air 
at 20 5 C (range 19 5 to 21 4 C ) with a lelative 
humidity of 57 2 per cent (range 54 to 61 pei 
cent) resulted in the following constants 

Mean, 88 15 ± 131 per cent 

Range, 78 to 96 per cent 

Standard de\ lation, 9 87 ± 0 92 per cent 

Coefficient of variation, 11 20 ± 1 06 per cent 

Three values of relative humidity weie rela- 
tivelv high , they w ere 95 0 95 8 and 96 5 pei 
cent These were high when compaied with the 
othei tallies Since such high values w^ere not 
found when the determinations were repeated, 
they theiefore may have been m error 

A mean value of 88 per cent foi the relative 
humidity of the expired air is consistent with 
the known physical and physiologic facts It is 
physically impossible to obtain a 100 per cent 
lelatne humidity in expired an, since the w r ater 
on the surfaces of the respiratory tract is not 
chemically puie Claims of finding complete 
saturation of expired air with water have been 
made by many obsei vers 10 These claims are 
imalid because of obvious errors 

9 We\ rich ld Galeotti Seeleys 

10 (a) Osborne, W A Water in Expired Air, J 
Ph\siol 47 12, 1913 ( b ) Luciani, L Human Physi- 
ology, New York, The Macmillan Companj, 1913, 
' ol 9 P 397 (A Lefevre, cited bj Hill, L The 
Science of Ventilation and Open Air Treatment, Lon- 
don, His Majesty’s Stationery Office, 1919 Wejrich 


The lelative humidity of the expued air is 
influenced by the temperature and relative 
humidity of the mspned an This fact has been 
commented on and is illustrated by figure 5 
When cool dry or cool foggy air was inspired, 
the mean relative humidity of the expired an 
w 7 as 86 1 per cent (extremes 83 and 94 per cent) 
or 83 per cent (exti ernes 79 and 91 per cent, 
respectively) When hot dry and hot moist an 
was inspired, the mean relative humidity of the 
expued air was 75 8 per cent (exti ernes 60 and 
91 pei cent) or 74 4 per cent (extremes 71 and 
83 pei cent, lespectively) 

IV W'ATER LOSS AND METABOLIC RATE 

For the 27 normal young resting adults a 
correlation coefficient of — 0 26 w ? as found 
between w'ater loss from the lespiratory tract 
and the rate of metabolism at that moment Since 
metabolic rate is really a measurement of oxygen 
consumption while w r ater loss is not necessarih 
dependent on oxygen consumption but (under 
comfortable environmental conditions) on the 
late of irrigation of the respiratory tract with 
air, a correlation coefficient such as — 0 26 might 
be expected This megns that more air circulated 
through the lungs than w'as necessar) to meet 
the demands for oxygen In normal subjects onh 
the necessar) 7 amount of oxygen is removed from 
the an inspired Emotional unrest, foi example 
might increase the rate of respiration beyond 
that necessary foi the metabolic requuements 
It is possible that such a factor was active in these 
studies 

That more an circulated through the lungs 
than w r as necessary for metabolic or oxygen 
needs is evidenced by the fact that a correlation 
coefficient of only — |— 0 07 w r as found when the 
metabolic rate w r as correlated with the rate of 
irrigation of the respiratory tract wuth air It 
must be remembered that the subjects studied 
were not in a basal metabolic state 

V HEAT LOSS FROM THE 
RESPIRATORY TRACT 

In 27 normal young white resting adults (ages 
varying from 17 to 36, mean 24 years) the heat 
loss from the lespiratory tract w 7 as measured as 
outlined m a pievious paper 5 The room air, or 
inspired air had a mean temperature of 20 5 C 
(lange 19 5 and 21 4 C ) and a mean relative 
humidity of 57 2 per cent (range 54 and 61 
per cent) The heat loss was measured for 
the three components simultaneously (fig 6) 

(1) heat loss by the evaporation of water, Ji F , 

(2) heat loss by convection (warming of mspned 
air), /i c , and (3) heat loss by decomposition of 
carbonic acid and expiration of carbon dioxide 
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eras hrn, The total heat loss fiom the lespna- 
toiv tract, H, was detei mined b> the summation 
ot these three components 
The total heat loss from the body was esti- 
mated b> means of a Benedict-Roth type of 
BMR machine'* Since the subjects had been 
resting m the obsenation 100 m foi over thnty 
minutes, it was assumed that there was theimal 
equilibrium between the subject’s body and the 
envu onment Fiom this value for total bod) heat 
loss it was then possible to expiess heat loss from 
the lespuatory tiact (total or an} of the tluee 
components) as pei cent of total heat loss fiom 
'the entue body 

1 The Rate of Heat Loss by the Evaporation 
of JVata (lip ) — The heat loss b) the evapoia- 
tion of water vaned between 0 305 and 0 706 



Fig 6 — The rate of heat loss from the respiratory 
tract, showing its various components 

kilogiam calones per square metei per ten 
minutes 11 The statistical constants found were 

Mean, 0 50a dz 0 017 kilogram calories per square 
meter per ten minutes 

Standard deviation, 0191 ± 0 012 kilogram calories 
per squaie meter pei ten minutes 

Coefficient of variations, 37 90 ± 2 49 per cent 

, The lelative importance of h D m total pul- 
monary heat loss is shown m figure 6 

The mean rate of heat loss foi the entue body 
was found to be 8 10 (exti ernes 6 62 and 10 77) 
kilogram calones The heat loss from the respira- 
toiy tract by evaporation (h F J lepiesented a 
mean of 5 84 per cent of the total body heat loss 
( ext i ernes 4 34 and 9 75 per cent) As an 

. H All values for heat loss are expressed in kilogram 
caloires per square meter of surface area of the body 
Per ten minutes This unit will not be repeated, only 
me numerical values will be indicated - 


aveiage, the li h lepiesented 53 2 pei cent of H 
(total heat loss fiom the lungs) 

Heat loss by evapoiation vaned with varia- 
tions in environmental tempeiatuie and lelative 
humidity (fig 7) Theie were no significant 
vai lations m // n when the atmosphere was 
changed fiom a cool dry to a cool wet and then 
to a comfoi table environment In a hot dry 
envu onment, hr lemamed unchanged, but when 
the envu onment w r as hot and moist hr deci eased 
significantly (fig 7) These changes aie the 
icsult of the influences of these environmental 
conditions on the evaporation of watei fiom the 
icspiratory tiact Tiieiefoie, in a hot and humid 
envu onment heat loss by evaporation of water 
fiom the lespiratoiy tract becomes much less sig- 
nificant, accounting foi about 6 per cent of total 
heat loss in cool oi comfortable environments 
In a hot atmospheie satuiated with w ? atei hr 
would be 0 

Because of the high con elation between late 
of w atei loss and i ate of n ngation of the respu a- 
toi) tract until an, the same high type of con ela- 
tion would hold for /; L and late of n ngation 
of the respiratoiy tiact wnth air Injfact, the value 
oi the coi relation coefficient w ould he the same 
The impoitance of hr, as in thermal equi- 
hbiium, depends on the conditions of the environ- 
ment, especially in a subtiopical and tropical 
climate 

2 The Rate of Heat Loss by Wanning 
Inspired An (Convection, h c ) — The heat loss 
by the winning of inspned air m 27 normal 
young adults sitting m a comfoi table ennron- 
ment (temperatuie 21 C and humidity 52 pei 
cent) is showm graphically m figuie 6 The 
lelative importance of this factoi m total pul- 
monaty heat loss is indicated' by figure 6 The 
statistical constants found for h c weie 

Mean, 0 122 ±: 0 004 kilogram calories pei square 
meter per ten minutes 

Range, 0 088 and 0 180 kilogram calories per square 
meter per ten minutes 

Standard deviation, 0 029 ±: 0 003 kilogram calones 
per square meter per ten minutes 

Coefficient of variation, 23 77 ±2 31 per cent 

It can be seen that h c averaged about 13 9 
per cent of the total heat loss fiom the lungs (H) 
and averaged T 55 pei cent of the total body heat 
loss under the comfortable envu onmental con- 
ditions 

When the temperature and the lelative 
humidity of the loom air weie changed, the 
value for h c varied (fig 7) Theie weie 
relatively little or insignificant differences m 
h c m cool dry, cool foggy oi comfortable 
environments This lack of difference is due to 


i 



322 


ARCHIVES OF INTERNAL MEDICINE 


the compensating influence of the rate of irri- 
gation of the respiratory tract with air The value 
of h c would tend to be higher when cool air was 
inspired, but when cool air was inspired the 
amount of air inspired per unit of time was 
less than in the comfortable atmosphere There 
was a definite change in h c when the room air 
was raised above body temperature (fig 7) 
Instead of losing heat by convection, the body 
gamed heat from the atmosphere, /i c becoming 
a positive value Heat loss by convection was 
affected relatively little by the moisture in the 
air other than through its effect on the density 
and specific heat of the expired air 

At constant atmospheric conditions, because 
of the nature of the calculation of h c , 5 a high 
correlation between h c and rate of irrigation 
of the respiratory tract with air would naturally 


Standard deviation, 0 065 ± 0 006 kilogram calories 
per square meter per ten minutes 
Coefficient of variation, 22 34 ± 2 15 per cent 

Figure 6 shows the relative significance of 
h C on when compared with other factors concerned 
with pulmonary loss of heat The mean loss of 
heat by h c o 2 was 33 0 per cent of the total heat 
ijiss from the respiratory tract and averaged 3 60 
per cent of the total body heat loss 

The value of h c 0 „ is not influenced a great 
deal by the condition of the atmosphere (fig 
7) other than those concerned with changes in 
the rate of irrigation of the respiratory tract with 
air (“washing” out of carbon dioxide from the 
blood) and changes in the metabolic rate In a 
hot and humid environment the metabolic rate 
and rate of irrigation of the respiratory tract 
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Fig 7 — The mean rate of heat loss for various room conditions m 27 normal young adults The total heat 
loss for the entire body, measured with a Benedict-Roth B M R apparatus, was considered to represent the 
total heat loss from the body, since the body was in thermal equilibrium with the environment In the hot 
room there is probably storage of heat, and therefore this assumption does not apply, particularly not to the 
hot and humid room The relative loss of heat by the various components and their correlations are evident 


follow Although h c is not large, it can become 
important under certain conditions of low or high 
atmospheric temperatures (for example, sub- 
tropical and tropical climates) 

3 The Rate of Heat Loss by the Exa etion of 
Caibon Dioxide (h COz ) — Simultaneously with 
the measurement of the foregoing two types 
of heat loss in the 27 normal subjects sitting 
in a comfortable environment, the heat loss by 
the expiration of carbon dioxide was measured 
The statistical constants found for h C02 are 

Mean, 0 291 ± 0 008 kilogram calories per square 
meter per ten minutes 

Range, 0 239 to 0 384 kilogram colories per square 
meter per ten minutes 


with air are increased (fig 5) These were 
found to be associated with an expected increase 
in /i C02 

Judging by the nature of the method for 
measuring 7z co „, a high correlation of hco 2 with 
the metabolic rate would be expected 5 The 
importance of /z C o 2 m thermal equilibrium in man 
in a tropical and subtropical climate, though 
relatively small, is self evident from these com- 
ments 

4 The Rate of Total Heat Loss f> om the Re- 
spuatoiy Tiact (H) — The total heat loss^from 
the respiratory tract is 

H — hr -(- lie -}-^C02 
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The relative values of IT and its three com- 
ponents are shown m figure 6 
In the study of the 27 normal young adults 
sitting in a comfortable atmospheie, H was found 
to have the following statistical constants 

Mean, 0886 ± 0034 kilogram calories per square 
meter per ten minutes 

Range, 0 630 to 1 183 kilogram caloi ics per square 
meter per ten minutes 

Standard deviation, 0 264 ± 0 024 kilogram calorics 

per square meter per ten minutes 

Coefficient, of variation, 29 80 ± 2 98 per cent 

The total heat loss fiom the respiratory tract 
(H) averaged 11 04 pei cent of the total body 
heat loss, the extremes being 915 and 15 181 
The total heat loss from the respiratory tract 
varied with the tempeiatuie and humidity of 
the environment (fig 7) In a cool envnon- 
ment with a low or high relative humidity, IT 
changed relatively little In a hot environment 
with the temperature greater than body tem- 
perature. H decreased significantly This de- 
crease was especially great in a hot and humid 
atmosphere (fig 7) 

Although the rate of total heat loss from the 
respiratory tract decreased m the hot and humid 
environment, the rate of heat production in- 
creased noticeably The decrease m IT in the 
hot and humid atmosphere is due mainly to the 
decrease m h r and the change in h c Undei 
those atmospehric conditions h c becomes a posi- 
tive rather than a negative value Instead of 
body heat being lost by convection, it is being 
increased by this factor The significance of 
these phenomena in thermal regulation m a 
tropical and subtropical climate is evident from 
figure 7 

VI THE RATE OF PRODUCTION AND LOSS OF 
TOTAL BODY HEAT ' 

The rate of total heat production for the body 
as a whole was measured with a Benedict-Roth 
B M R machine for the 27 normal young adults 
sitting quietly in a comfortable environment 
Since the environment was comfortable and the 
subjects had rested for a period of thirty minutes 
or more prior to the measurements, the subjects 
were considered to be m thermal equilibrium 
with their environment and therefore the rate of 
heat production and heat loss were considered 
equal The statistical constants found for total 
heat loss from the body are 

Mean, 8 08 ± 0 19 kilogram calories per square 
meter per ten minutes 

Range, 6 62 to 10 77 kilogram calories per square 
meter per ten minutes 

Standard deviation, 1 50 rfc 0 14 kilogram calories 

per square meter per ten minutes 

Coefficient of variation 1 851 ± 1 75 per cent 


In a hot and diy environment the late of total 
body heat production mci eased When the 
humidity of the hot atmosphere was further 
increased, the late of total body heat production 
also increased (fig 7) When the tempeiature 
of the atmosphere was greatei than that of the 
body (50 C), theimal equilibrium between the 
subject and his surioundmgs did not occur, and 
therefoie the rate of heat production was not 
equal to heat loss The exact nature of the state 
of transfer of heat between the subject as a whole 
and the environment was not known during 
these studies, especially when the room air was 
hot In spite of this, the rate of total body heat 
production was intentionally, although errone- 
onusly, considered equal to the late of total loss 
of body heat to make it possible to obtain an idea 
of the part played by the lespiratory tract in 
the elimination of body heat at the high room 
tempei atures 

VII STUDIES or TIIE RATE OF WATER AND HEAT 
LOSS TROM TIIE RESPIRATORY TRACT 
Or ONE SUBJECT 

One subject, a young (34 years of age) white 
man sitting quietly, was studied at frequent in- 
tervals for seven consecutive hours during one 
day (beginning at 10 a m ) The rate of watei 
loss, rate of heat loss from the respiratory tract 
(the three components and total), rate of total 
heat loss from the entire body, temperature of 
the expired air, rate of irrigation of the respira- 
tory tract with air and relative humidity of the 
expned air were among the factors recorded 
(fig 8) The room conditions are indicated by 
figuie 8 The physiologic phenomena recorded 
were remarkably constant, the mam change 
occurring shortly after a moderately heavy noon 
meal (fig 8) 

The same subject was similarly studied several 
times over a period of months, extending from 
the hot summer month of August to the cool 
month of January The results are summarized 
for the rate of water loss in figure 9 The con- 
ditions of the room were the same, being com- 
fortable and having values as indicated for that 
type of room in figure 8 There were no sig- 
nificant differences from month to month as the 
season changed from summer to winter m New 
Orleans There were fluctuations from month to 
month, but they were considered to be ordinary 
physiologic variations 

COMMENT 

It is apparent that the expired air is not satu- 
rated with water and could not possibly be so 3 
As found in these studies, it is only about 88 per 
cent saturated when the subject is breathing air 
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m a comfortable envnonment as well as when he 
is breathing cool dry or foggy air This conclu- 
sion is m keeping with the recent studies of 
Seeley 3 and Christie and Loomis 4 It was also 
found many years ago by Loewy and Gerhartz 1,1 
It is well to note that Galeotti lg found the expired 
air to be 78 per cent Saturated at 37 C and com- 
pletely saturated at a temperature of 32 5 C 
The temperatures of the expired air were 
assumed m lus studies, thus rendering his state- 
ments of relative humidity of expired air of only 
academic interest Galeotti lf at a later date 
measured the temperature of the expned air with 
a thermocouple and found it to vary between 
34 4 and 35 7 C Liljestrand and Sahlstedt 12 
found the expned air to have a 98 per cent satu- 


tion that expired an is saturated at 37 C As was 
shown, the expired air is neither satuiated nor 
at 37 C when subjects are in a comfoi table at- 
mosphei e 

The majonty of obserr^ei s 14 found the tem- 
perature of the expired air to be about 32 to 

33 C The values observed in these studies are 
in keeping with these figures lather than with 
some of the higher values for a comfortable 
atmosphere The mean temperature of the ex- 
pired air with the subject lestmg quietly was 
found to be 33 2 C , with extremes of 31 6 and 

34 2 C 

When the temperature and the lelatne 
humidity of the atmosphere aie changed the 
nature of the expired air changes The tempera- 


LJakrloss (gm/mVl0min)=valu2= * Total bzalbss lim§<S^/m J /lOmin)=ordinHa value 

xxxvx Temperature expired air(C)=ovxio heat Joss uiarmingair, (t^il/m J /lOrrun) = 

o-o-o Vblu.me air irngatinplunqsflitym)l0min)ouxiO heat loss vaporiynpCa, CCal/mVlOmial = $3 

□-□-a Temperature inspired air (C)=ovX LO 0— e-® heat Joss vapori^.nt; Hfi (Cal/mVOmin)-^' 

-000- "Relative humidity of room(%)=Ovx 10 x— x— x "totalpulmonary heat loss as of % total bodyhzal loss 

o v = ordinate value • — Tbtal heat bss from body (Gal/m'/lOrmn/ov 



Fig 8 — A stud} of the rates of water loss and heat loss from the respiratory tract of a normal joung man 
nade over a seven hour period (beginning at 10 a m ) All factors noted were recorded at frequent intervals, 
hat is, at the times indicated by the abscissa 


-ation at a temperatuie of 30 to 35 C The 
statements of We)rich, ld Luciam, 10b Lefevre 10c 
md Osborne 10,1 that expired air is saturated with 
.vater were erroneous Benedict and Carpen- 
:er 13 employed the method of Zuntz to calculate 
itater loss from the lungs These calculations 
ire in error, since they were based on the assump- 

12 Liljestrand, G, and Sahlstedt, A V Tempera- 
tur und Feuchtigkeit der Ausgeatmeter Luft, Skan- 
dinai Arch f Phjsiol 46 94, 1924 

13 Benedict, F G, and Carpenter, T M The 
Metabolism and Energy Transformations of Healthy 
Man During Rest, Washington, D C, Carnegie In- 
stitution of Washington, 1910 


ture and relative humidity of the exjnred an does 
not change significantly when the atmospheric 
conditions are made cool and dry or cool and wet 
As just mentioned, cool air, whether wet or diy, 
shows little difference m the absolute amount 
(grams) of water vapor per unit volume, although 
the relative humidity may vaiy considerably J 
When the atmospheric temperature is elevated 
considerably, the capacity of the an to hold watei 
is increased considerably, so that relatively small 
differences m relative humidity mean great differ- 

14 Galeotti lf Galeotti Loewy and Gerhartz 111 
Seeley 3 Loewy and Gerhartz lb 
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ences in absolute humidity These great influ- 
ences of relative humidity of hot air on the rate 
ot w atei loss (and also heat loss by evaporation 
of water) from the respirator) tract were shown 
by these observations At a room temperature 
* 0 f 50 C and at IS pet cent relative humidity, 
the rate of watei loss (heat loss by evapoiation 
also) from the respnatoiy tract is mci eased ovei 
that at conditions in a comfortable environment 
In an atmosphere of 50 C and 49 per cent rela- 
tne humidity, the rate of water loss is noticeably 
decreased The same is not true foi a cool 
atmosphere The i ate of water loss for an atmos- 
pheric temperature of 15 or 16 C , whethei 60 
or 97 per cent saturated, w as essentially the same 
It is apparent that expiessions of the moistuie 
content of the atmosphere m vapor piessure or 
absolute humidity rather than relative humidity 
/ would give a much clearer concept of the physical 
tactors concerned with water loss fiom the re- 
spirator) tract 

It is interesting to note that the surface area 
of the respiratory tract has been estimated to be 
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Fig 9 — The rate of water loss from the respirator}' 
tract over a period of several months m a normal young 
man sitting m a comfortable environment (temperature 
209 ±09C) 


about 70 square meters during quiet breathing 
and 90 square meters when moderately inflated 
That of the alveoli alone is about 55 square me- 
ters 15 Some estimates as high as 129 square 
meters have been made Pulmonary area over 
thirty tunes that of the external (skin) area of 
the body is truly large and therefore an important 
factor concerned with water and heat loss fiom 
the respiratory tract 

The role of the respiratory tract in the main- 
tenance of thermal equilibrium between heat pro- 
duced m the body and that lost to the surround- 
ing atmosphere is significant In a normal adult 
sitting m a comfortable environment, the total 
heat loss from the respiratory tract accounts for 
about 11 per cent of the total heat loss from the 
* X)dy Thls P ercenta g e is great enough to war- 

15 Willson, H G The Terminals of the Human 
bronchioles, Am J Anat 30.267, 1922 


iant seiious consideration The importance of 
this factor is even more evident w r hen it is con- 
sidered that the habits of man today lendei it 
impossible to vary this loss even undei extreme 
conditions of environmental tempeiatuie By the 
use of clothing it is possible to influence the 
amount of heat lost fiom the external, oi cuta- 
neous, surface of the body In the case of the 
lespiratory tract no such simple pioceduies foi 
vaiying heat loss aie available In a cool oi un- 
comfoitabl) cold environment, the heat loss fiom 
the respiratory tiact remains relatnely unchanged 
except for the factoi h (warming of cold inspired 
an) Considering the surface area of the re- 
spiratory tract and the influence of cold on blood 
vessels, glandular function and the like of the 
entire lespiratory tract, it is indeed not surpris- 
ing to note a great tendency for infections of the 
respiratory tract to develop in the cold months 
of the yeai Among persons exposed to cold 
environments because of occupational nuhtaiy 
or other reasons foi prolonged periods of time, 
the role of the respiratory tract in heat loss is 
important enough to demand moie consideiation 
than it usually commands 

In a hot and humid environment, w'hen heat 
loss from the skin is definitely impaned, the heat 
loss from the respiratoiy tract likewise is im- 
paired The loss of heat by h c o 2 lemains un- 
changed or may increase with the mciease m 
excretion of carbon dioxide (Bazett 10 ) When 
the temperature of the environment is gi eater 
than body temperature, h r becomes a positive 
value, and heat is absorbed from the sm rounding 
atmosphere The high humidity reduces heat 
loss by the evaporation of water Theiefoie the 
respiratory tract is of little value in the elimina- 
tion of body heat in a hot and humid environ- 
ment As indicated previously, if the environ- 
mental temperature is sufficiently high, the rela- 
tive humidity does not have to be veiy high in 
older to effect a much higher effective relative 
humidity For when hot air (50 C ) only about 
50 per cent saturated becomes about 80 pei cent 
saturated on being cooled to 39 C by the respu a- 
tory tiact, the resulting high relative humidity 
of hot air after inspiration is considerablv dif- 
ferent from the relative humidity of the loom 
air 

It is frequently stated that a subject inspiring 
foggy air will gam water from the atmosphere by 
a deposition of many small droplets of water on 
the surface of the epithelium of the respnatory 
tract That this may be erroneous, unless large 
droplets of vvater form the fog, is indicated by 

16 Bazett, H C Physiological Responses to Heat, 
Physiol Rev 7 531, 1927 
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the aforementioned observations When a sub- 
ject inspires air at 15 C and 97 per cent relative 
humidity (cool foggy air), the temperature of 
the air is raised to about 33 C , and it is then no 
longer foggy, is far from saturated and is capable 
of readily taking on a great deal more water It 
does remove water from the epithelium of the 
respiratory tract Water is not absorbed from 
the atmosphere but is readily lost to it 

To fulfil the metabolic requirements, a certain 
amount of oxygen must be absorbed from the 
atmosphere and a certain amount of carbon 
dioxide excreted into it The quantity of carbon 
dioxide excreted will be influenced less by the 
temperatuie and humidity of the air inspired than 
the water vaporized or heat lost by convection 
Therefore, heat loss by excretion of carbon 
dioxide remains relatively constant in various 
atmospheric conditions, all other factors being 
constant 

The lack of correlation of the metabolic rate 
(oxygen consumption) and rate of irrigation of 
the respiratory tract with air indicates that the 
rate of circulation of air through the lungs is not 
governed only by the oxygen requirements This 
physiologic fact is well known The dog, for 
instance, increases the rate of breathing when in 
a hot environment This increase may occur to 
some extent in man, whether or not this is con- 
cerned to any extent with cooling remains un- 
known 16 However, as would be expected, there 
is a high positive correlation of rate of irrigation 
of the lungs with air and the rate of water loss 
from the lungs 

Boyer and Bailey 17 found a fair correlation 
(+ 0 58 ± 0 02 ) between surface area of the 
body and the ventilation of the lungs (liters per 
minute) and a high correlation between ventila- 
tion and heat production m normal subjects in 
the basal state In the latter correlation, no 
corrections were made for body size Such a 
correction, if made in units of surface area, would 
have reduced the value of the correlation coeffi- 
cient of -f- 0 90 to something approaching -f- 0 58 
This factor explains in part the lack, in our 
studies, of a high correlation between the late of 
irrigation of the lungs and metabolic rate The 
differences m time of measurements of the meta- 
bolic rates and the rate of irrigation of the 
lungs, position of the subject and the subject’s 
resting, but definitely not basal, state are among 
the factors which are responsible for differences 
between the findings reported here and those of 
Boyer and Bailey 17 

17 Bojer, P K, and Bailey, C V Concentration 
of Carbon Dioxide in Expired Air, Arch Int Med 
69 773 (Ma\) 1942 


SUMMARY AND CONCLUSIONS 

The rates of water loss and heat loss from the 
lespiratory tracts of 107 young normal resting 
(sitting) adults were studied These subjects 
lived m a subtropical climate (New Orleans) 
They varied m age from 17 to 43 years and 
represented both sexes and the white and Negro 
races 

A comfortable environment of reference (tem- 
perature 20 to 21 1 C and relative humidity 55 
to 60 per cent) was used in all groups of measure- 
ments 

For 56 young normal adults sitting m the com- 
fortable room and studied during the hot month 
of August 1944, the mean rate of water loss from 
the respiratory tract was 0 878 Gm per square 
meter of surface area of the body per ten minutes, 
the extremes being 0 527 and 1 172 Gm Twenty- 
seven sinnlai subjects (some were in the group 
of 56) observed under similar conditions but 
studied during the cool month of January had a 
mean rate of water loss from the lespiratory 
tract of 0 804 Gm per square meter per ten 
minutes, the extremes being 0 508 and 1 205 Gm ’ 
Thus no seasonal difference was noted There 
were no differences due to sex or race 

The mean rate of irrigation of the lungs foi 
the 56 young normal subjects was 38 326 liters 
per square meter per ten minutes, the range being 
28 316 and 53 250 liters There was an extremely 
high positive correlation between the rate of 
irrigation of the lungs and the rate of water loss 
from the respiratory tract, the coefficient of corre- 
lation being -f- 0 914 rb 0 015 

Exercise increased the rate of water loss from 
the respiratory tract essentially in proportion to 
the resultant increase in the rate of irrigation of 
the respiratory tract with air 

There was no significant difference between the 
lesults obtained for water loss whether the sub- 
ject respired through the nose or mouth 

The depth and rate of respiration influenced 
the rate of water loss from the respiratory tract 
mainly on the basis of the rate of irrigation of the 
respiratory tract with air Slow deep breathing 
was, however, associated with more water loss 
per unit of volume of air respired than was rapid 
shallow breathing In the former type of breath- 
ing the air remained in the respiratory tract a 
longer time, thus permitting more water vapor 
to diffuse into the air inspired 

The rate of water loss from the lungs was 
changed little from that m a comfortable environ- 
ment when the environmental temperature was 
cooled to about 15 C At that temperature the 
relative humidity of the air, even saturated to the 
extent of producing fog, changed the rate of water 
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loss fiom the respiratoiy tract 1 elatively little 
Some of the mechanisms involved m the lack of 
differences vere studied 

The rate of water loss was inci eased by a hot 
(50 C ) and diy (18 per cent lelative humidity) 
atmosphere It was noticeably decreased when 
the hot (50 C ) atmospheie was moistened 
(49 per cent saturated) but not neatly satuiated 
The mechanisms involved w ei e studied 
The mean temperatuie of the expired an with 
the subjects testing m the comfoi table atmos- 
phere was 33 18 ± 0 21 C A drop in the en- 
vironmental temperature to about 20 C did not 
influence the tempei ature of the expired ail An 
increase in the temperature of the atmosphere 
to about 35 5 C had no significant influence on 
the temperature of the expired air When the 
temperature of the atmosphere was increased 
' above 35 5 C , there was a definite rise in the 
temperature of the air expired 
The mean relative humidity of expired air w as 
found to be 88 15 ± 1 31 per cent, the extremes 
being 78 and 96 5 per cent The relative humidity 
of the air expired varied with that of the an 
inspired, especially if the inspired air was hot 
Hot and relatively dr}', atmospheric air reduced 
the degree of saturation of expired air 

There was no significant correlation between 
the rate of water loss and the metabolic late 
This lack of correlation w as to be expected, since 
-y the irrigation of the lungs is not determined by 
' oxygen requirements only 

The rates of total heat loss from the respiratory 
tract and of its three components were determined 
simultaneously Heat is lost from the respiratory 
tract by evaporation of water (/i n ) In 27 normal 
young adults sitting m a comfortable environment 
the mean value for h v was 0 505 ± 0 017 kilo- 
gram calories per square meter per ten minutes, 
the extremes being 0 305 and 0 706 kilogram 
calories Heat loss by evaporation is not changed 
much by a cool dry or cool foggy atmosphere 
^ It is increased by a hot (50 C ) and dry (18 
per cent) atmosphere and definitely decreased 
when the relative humidity of the hot (50 C ) 
atmospheric air is increased (49 per cent) The 
mechanisms involved were studied 
Heat is lost from the respiratory tract by warm- 
ing cool inspired air (convection, or h c The 
mean value for h c with the environment com- 
fortable was 0 122 ± 0 004 kilogram calories per 
square meter per ten minutes, the extremes being 
0088 and 0 180 kilogram calories Heat loss by 
convection was not changed by changing the 
* atmosphere to a cold dry or foggy one When 
1 tie temperature of the environment was raised 
to 50 C (relative humidity 18 or 49 per cent), 


h c became a positive value, that is, heat was 
absorbed from the hot inspired air, thus tending 
to inciease body temperature 

Heat is lost fiom the respiratoiy tract because 
of the excretion of carbon dioxide (/icoa) Under 
comfoi table atmospheric conditions, the mean rate 
of heat loss by the excretion of carbon dioxide 
was 0 291 ± 0 008 kilogram calones per squaie 
meter pei ten minutes, the extremes being 0 239 
and 0 384 kilogiam calories 

The value of h c02 is influenced only by the rate 
of exci etion of carbon dioxide and therefore was 
influenced by the atmosplienc temperature and 
lelative humidity only so fai as these factors in- 
fluenced the rate of exci etion of carbon dioxide 

The total heat loss from the respiratory tract 
(IT) is the sum of /» n + /i c + /?co 2 From these 
components the mean rate of total heat loss from 
the lespiratory tract was 0 886 ± 0 037 kilogram 
calories per square meter pei ten minutes, the 
extremes being 0 630 and 1 183 kilogram calories 
The natui e of the influence of H by the tempera- 
ture and relative humidity is determined by the 
natui e of the influence of these factors on the 
thiee components 

In the 27 normal young resting adults the total 
rate of heat production and, therefore, heat loss 
if the subject is m thermal equilibrium with his 
environment, was measured along with the heat 
loss from the respiratory'- tiact In a comfortable 
environment the mean rate of total body heat loss 
was 8 08 ± 0 19 kilogram calories per square 
meter per ten minutes, the extreme being 6 62 
and 10 77 kilogram calories A hot dry or hot 
humid environment increased this value 

A single subject sitting in a comfortable en- 
vironment and studied at frequent short intervals 
during seven hours of one day and at intervals 
of several days over a period of five and one-half 
months showed a remarkable constancy in the 
temperature and relative humidity of the expired 
air, rate of water and heat loss ( H , h E , h c and 
h CO o) from the respiratory tract, rate of total 
body heat loss and rate of irrigation of the re- 
spiratory tract with air A heavy meal changed 
these values slightly They were not signifi- 
cantly different during the hot summer or cool 
winter of subtropical 'New Orleans 

It is impossible to state definitely the nature 
of the expired air or water or heat loss from the 
respiratory tract without first defining at least 
the conditions of the air inspired, the type of 
respiration and the activity of the subject These 
other factors influence the expired air con- 
siderably 

Mr G Morgavi assisted in these studies 
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MEDICAL CORPS, ARMY 

Studies on pumary atypical pneumonia, es- 
pecially those of the past four years, have resulted 
m the awareness of a rather well defined clinical 
picture m this disease Seveial authois, how- 
evei have presented series of cases differing 
considerably m their symptomatology It is the 
purpose of this paper to describe a gioup of 
cases of the disease appearing during the fiist 
half of 1944 m Italy and to compare them with 
cases previously reported A large number of 
the patients were evacuated fiom Anzio, and, in 
a sense, the outbreak may be regarded as local- 
ized This senes consists of 45 patients whose 
unifoinuty of symptoms is especially interesting 
as a foim which the disease may take Condi- 
tions governing the evacuation of casualties len- 
der it virtually impossible for one to -reach any 
conclusions concerning epidemiology It is m 3 7 
impiession fiom conversation with patients that 
successive groups of persons m particulai units 
were affected and that, at least under combat 
conditions involving exposure chilling, fatigue 
and lowered resistance, the disease is appaiently 
infectious, with a shorter incubation period than 
has been generally stated This belief is strength- 
ened by the leported higher incidence of the 
disease among station hospital personnel 1 as 
compared to that among other troops, the local- 
ized outbreaks in small units 2 and several small 
epidemics m hospitals 3 

Cluneal Obseivahons — Almost invanably, the 
disease w r as well defined in onset Onfy 5 patients 
admitted piemomtory symptoms Of these, 3 
had “colds” and slight coughs of several days’ 
duration 1 complained of generalized aching 
and malaise for one day, and 1 stated he had been 
unwell for thiee to four weeks However, m 
these patients as well as in the others, the onset 
of more seveie disease was clearcut This was 
marked b) r sudden chilly sensations and fever in 

1 Dingle, J H , and others Primary Atypical 
Pneumonia, Etiology Unknown, War Med 3 223 
(March) 1943 

2 Idstrom, L G, and Rosenberg, B Bull U S 
Arm\ M Dept, October 1944, no 81, p 88 

3 (a) Max-field, J R , Jr Texas State J Med 

35 340 (Sept) 1939 ( b ) Dingle, J H , and Finland, 

M New England J Med 227 378 (Sept 3) 1942 
(c) Fa\ our, C B New England J Med 230 537 
(Maj 4) 1944 


r THE UNITED STATES 

two thn ds of the patients, accompanied b)' severe 
frontal headache Not only was the last men- 
tioned the most fiequent earty s)unptom, occur- 
ung m 78 pei cent of the patients, but by its 
seventy tended to draw attention awa}' from 
s)'mptoms ref ei able to the chest, which earty m 
the disease frequently showed no abnormalities 
on pltysical examination Generalized muscular 
pams, most pronounced m the lower part of the 
back and the legs, were present at the outset m 
about half of the patients, a number of whom 
became aware of the pams a few hours prior to 
the chills and fever An unusually high number 
(48, or 40 per cent) complained of pain in the 
chest at the onset Unlike pams described m 
previous reports, which noted little pleural in- 
volvement, 4 m 13 of these patients the pam was 
unilateral and increased with inspiration Only 
5 described it simply as a soreness Ten patients 
(22 per cent) mentioned coughing at the onset, 
at which time the cough was described as “slight” 
or “diy” Weakness, malaise, drowsiness, ano- 
rexia and nausea were present m variable degree 
m almost all the patients 

The course of the disease may be divided into 
two parts — an acute phase of five to seven days, 
until the temperature subsides, and a consider- 
ably longer lecuperative phase lasting four to 
six weeks, during which the pulmonar}’- tissue 
reverts to normal During the first few days of 
the disease, there was little change m the picture 
Repeated chilly sensations or chills, more fie- 
quently the former, continued 11 regularly for 
several days and invariably appeared, with fever, 
m those patients in whom they were not present 
at the onset The temperature was of the irregu- 
larly elevated type, with wide daily variations at 

4 (a) Campbell, T A , Strong, P S , Grier, G S , 
III, and Lutz, R J Primary Atypical Pneumonia 
Report of 200 Cases at Fort Eustis, Virginia, J A 
M A 122 723 (July 10) 1943 ( b ) Duggan, L B, 

and Powers, W L US Nav M Bull 40 651 
(July) 1942 (c) Young, H E , Storey, M , and Red- 

mond, A J Am J M Sc 206 756 (Dec ) 1943 
( d ) Primary Atypical Pneumonia, Etiology Unknown, 
War Med 2 330 (March) 1942 ( e ) Whiteley, J H , 

Bernstein, A , and Goldman, M J Mil Surgeon 91 
499 (Nov) 1942 (/) Rneeland, Y, Jr, and Smetana, 

H F Bull Johns Hopkins Hosp 67 229 (Oct ) 
1940 ( g ) Green, D M , and Eldridge, F G Mil Sur-~ 
geon 91 503 (Nov) 1942 
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times As a rule, the higher temperature con- 
tinued for five to seven days and then fell by 
lv S js mer a thiee day period Chait 1 indi- 
cates the frequency distribution of the duiation 
ot fe\ er Coughing was pi ominent and occasion- 
allj distressing in the first days of the disease 
In addition to the 10 patients who complained 
of cough at the onset, 11 (24 pei cent) began to 
cough on the second day, / on the third day and 
a tew still later As a rule, the cough was not 
severe and was either dry or productive of a 
small quantity of mucoid sputum at first, eithei 
subsiding or becoming more productive at about 
the time the tempeiature fell to noimal Se\en 
patients (16 pei cent) brought up a shghth 
blood-streaked sputum , m no case was the 
hemopti sis severe 



Chart 1 — Duration of fever 


The headache, aftei its initial seventy, was 
variable both in intensity and in duration, lasting 
one to four days The aggravation of headache 
by coughing suggested a i elation to increased 
pressure of the cerebrospinal fluid m accordance ‘ 
nith the observations of Dingle and his asso- 
ciates, ^ who relieved the headache m 7 patients 
bi lumbai puncture Similarly, the pain on 
' breathing deeply tended to be transient, subsiding 
shortly Other common systemic symptoms 
vd-ncli occurred during the acute phase of the 
disease and paralleled its severity were weakness 
with lassitude in 17 patients (38 per cent) and 
anorexia (20 per cent) Seven patients vomited, 
2 had seemingly spontaneous epistaxis 
Physical signs were neither prominent nor of 
specific diagnostic value At tire onset, patients 
Mere diowsy, with warm, flushed skin, either 
dty or coveied by profuse perspiration Cyanosis 
Mas uncommon was larely discernible and was 
* evi dent in. only 1 patient, who might have had an 
associated bactenal, pneumonia Respn ation was 
otten difficult and shallow, owing to pleural in- 


ATYPICAL PNEUMONIA 

volvement, but there was neither tachypnea, as 
seen in bactenal pneumonia, nor' true dyspnea 
The slightly inci eased respiratory rate gradually 
decreased as the acute picture subsided A rela- 
tive bradycaidia was a constant feature during 
the acute phase, but as the tempeiature fell the 
caidiac rate rose m about half the patients 
Similar observations were recorded by Green and 
Eldndge 4g and Young, Storey and Redmond 4c 
The cause of this phenomenon is not known but 
may be related to the absorption of pathologic 
pi oducts fi om the tissues of the lung Somewhat 
bleat y, injected conjunctivas were seen fairly fre- 
quently. and 10 patients had injected phaiyn- 
ges. though only A complained of a sole throat 
Lymphadenopathy was not a feature of the dis- 
ease, a palpable spleen was twice encounteied 
Loss of weight was common and was prominent 
m 5 cases Moieover, another aspect of recovery 
was evident m the patients’ difficulty m regaining 
lost weight even after the appetite had letmned 
and caloric intake w^as increased 

The paucity of signs refeiable to the chest, as 
observed by othei s, 5 has been — in contrast to the 
pionounced i oentgenographic changes — one of 
the most remarkable featuies of the disease The 
explanation piobably lies m the fact that the 
pathologic })iocess is primal fly intei stitial lather 
than w ithm the air passages or alveoli G , this fact 
may likewise account for the absence of cyanosis 
Physical examination of the chest revealed 
nothing abnormal almost throughout the entire 
couise m 18, or 40 per cent, of the patients 
Even when present, the signs were slow'’ to 
appear, rarely being perceptible until the third 
day At this time, some fine moist subciepitant 
rales w r ere discerned, best heard toward the end 
of inspiration , a smaller number of patients had 
simply diminished or roughened breath sounds 
The presence of an impaired percussion note m 
a few was, as a rule, associated with larger and 
denser lesions, as seen roentgenographically 
After seven to ten days from the onset the rales 
became coarser, moister and noisier, and rhonclu 
w'ere heai d Some wheezing, which also appeal ed 
at this stage, persisted for several weeks Evi- 
dence of frank consolidation was uncommon 

5 (a) Longcope, W T Practitioner 148 1 (Jan ) 

1942 (&) Rhoads, P S Radiology 40 327 (April) 

1943 (c) Thompson, J L, Jr M Ann District of 

Columbia 12 171 (May) 1943 (d) Correll, H L , and 

Cowan, II US Nav M Bull 41 900 (July) 1943 
(e) Lusk, F' B , and Lewis, E K Dis of Chest 
10 19 (Jan ) 1944 (/) Footnote 4(1 Duggan and 

Powers 4b Dingle and Finland 3,J Green and Eldndge 4 r 
Idstrom and Rosenberg 2 

6 Golden, A Bull U S Army M Dept , October 
1944, no 81, p 64 
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Laboi atoi y Obsei nations — From those labora- 
tory procedures 1 outinely performed, 1 little of 
diagnostic value was found The red blood cell 
count ranged between 4,000,000 and 5,000,000 
per cubic millimeter, as did that of other patients 
The white blood cell count during the acute phase 
of the disease was well scattered throughout the 
normal range of 5,000 to 9,000 per cubic milli- 
meter During the course of the disease, there 
was a perceptible increase m the white blood cell 
count, which on examination was seen to be due 
largely to an increase in lymphocytes between the 
fourth and sixth week (chart 2) The erythro- 
cyte sedimentation rate appeared to be a reliable 
index of disease activity, its slow decrease corre- 
lating well with the gradual disappearance of 
roentgenologic evidence of disease Though there 


is the characteristic roentgenogram The find- 
ing by Dingle and his associates 1 of 34 cases 
of “bionchitis lesemblmg atypical pneumonia” 
(clinically) without roentgenographic changes 
does not detract from the value of the roentgeno- 
gram The disease may occur m such forms that 
the roentgenogram is virtually the only evidence 
of its presence 7 Fredd 7,1 found its incidence 
to be 0 27 per cent of 23,465 roentgenograms 
of the chest taken of clinically well people Dur- 
ing the period my patients veie studied, 2 of 
the hospital personnel examined roentgeno- 
graplucally foi persistent cough of some weeks’ 
duration weie found to have patches of pi unary 
atypical pneumonia In neither patient were 
other symptoms present I have since seen an 
occasional patient whose only symptom was fever 
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Chart 2 — Rise in number of lymphocytes in course of primary atypical pneumonia 


is considerable over-all variation in the results 
obtained (chart 3) for any 1 patient, the relative 
sedimentation rate from time to time is a valuable 
indication of recovery, second only to the roent- 
genogram itself 

Except for a variable degree of albuminuria m 
11 patients and the presence of an occasional 
granular cast in the urine of 3 patients early in 
the disease, examination of the urine showed 
nothing abnormal 

Several attempts to demonstrate the presence 
of cold agglutinins were unsuccessful 

Roentgenogi aplnc Obsei nations — In the lack 
of pathognomonic symptoms and with the dearth 
of physical signs in the chest, the roentgenogram 
assumes great importance in diagnosis In fact, 
the principal criterion, almost the sine qua non. 


Roentgenologic evidence of disease as a rule 
did not appear until two oi three days aftei the 
onset There was first an increase in bronchial 
markings, more pronounced at the hilar areas, 
followed shortly by irregular patches of increased 
density farther peripheially The bronchial 
markings were also the last evidences of the dis- 
ease to disappear These areas of increased 
density varied from a soft mottling which in the 
upper lobes resembled early pulmonary tuber- 
culosis to a denser, hazy opacity or glazed ap- 
pearance seen in pulmonary congestion and 
which has also been said to be due to inflam- 
matory pleural changes 4d The density was not 

7 (a) Fredd, H New York State J Med 41 34 
(Jan 1) 1941 ( b ) Lusk and Lewis 5e Idstrom and 
Rosenberg- 2 
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as pronounced as that seen m lobar pneumonia, 
again m consequence of the fact that the patho- 
logic process is intei stitial and does not produce 
a filling of the alveoli with dense cellulai material 
Resolution, m contrast to that of bactenal pneu- 
monia, is prolonged, and mci eased bronchial 
markings and some parenchymal mottling may 
remain long after the patient is clinically well 
In over two thirds of the patients, only one 
patch of pneumonia could be detected on loent- 
genograplnc examination Nine patients had two 
distinct areas of density and 1 patient three 
Multiple areas were seen m 2 patients The 

distribution of the lesions was similar to that 
described in previous reports, 8 wnth the low r er 
lobes predominantly mvohed, as follows right 
upper pulmonary field eleven tunes, left uppei 
field six times, right middle and low r ei fields 
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Chart 3 — Fall in erythrocyte sedimentation rate dur- 
ing course of primary atypical pneumonia 


seventeen times and left longer field twenty-one 
times Where pulmonary tissue close to the 
inter lobar pleura was involved, that pleura re- 
mained thickened, as mentioned by Bahlke, 9 
this thickening was observed in 8 patients It 
wms my impression that when the upper pul- 
monary fields were involved the patients ap- 
peared to be more ill 

Etiology — No specific organisms could be iso- 
lated from those patients on whom bactenologic 
studies w r ere attempted Viral causation was 
suggested by the absence of leukocytic response 
to the infection and by the failure of sulfonamide 

8 Duggan and Powers 4b Whiteley, Bernstein and 
Goldman 4e Green and Eldndge 4 ? Dingle and others 4 
4 °ung, Storey and Redmond le 

11 wr * f A M New York State J* Med 43. 

J15 (Feb 15) 1943 


therapy Recent reports have strengthened the 
case for a theory of viral causation Viruses 
have been isolated from normal mouse lungs 
which lequired only serial passage through other 
mouse lungs to become pathogenic 10 This result 
suggests the possibility of a human reservoir of 
the vnus among healthy persons Serums of 
some patients in New' York city gave posi- 
tive neutralization reactions against psittacosis 
virus 11 Not only have viruses been isolated 
from some patients, 12 but the Commission on 
Acute Respiratory Diseases 13 has been able to 
tiansmit the disease from throat washings and 
sputum of patients to volunteers Since both 
i nti eated and filtered matei lal w^ere equally suc- 
cessful, a filtrable agent would appear to be 
responsible 

Diffo ential Diagnosis — The lack of pathogno- 
monic history or signs makes differential diag- 
i]psis difficult, especially in the early stages of 
the illness The only diagnostic laboratory ob- 
seivation, the demonstration of an increased titer 
of cold agglutinins in the serum, is of limited 
value They are frequently absent, as in m> 
patients, and even w r hen they occur their presence 
cannot be detected until after the acute phase of 
the disease has passed These difficulties furthei 
emphasize the impoitance of the roentgenogiam 
of the chest m establishing the nature of the ill- 
ness The disease closely resembles influenza m 
its onset and early couise, in the presence of 
cough and signs leferable to the chest, acute 
bronchitis is suggested It is m several respects 
distinctly unlike influenzal pneumonia as seen 
during the last w'ar, 14 the latter having been 
clinically more severe, often with a characteristic 
cyanosis, an elevated white blood cell count 
associated with secondary bactenal infection and 
a high mortality 

The severe frontal headache, chills and fever, 
generalized aching and unelevated white blood 
cell count frequently make it necessary, during 
the warmer months in Italy, to rule out malaria 
and sandfly fever 

10 Horsfall, F L, Jr, and Hahn, R G J Exper 
Med 71 391 (March) 1940 

11 Smadel, J E J Clin Investigation 22 57, 1943 

12 (a) Reimann, H A Acute Infection of Respira- 
tory Tract with Atypical Pneumonia Disease Entity 
Probably Caused by Filtrable Virus, JAMA 111 
2377 (Dec 24) 1938 ( b ) Stickney, J M, and Heil- 
man, F R Proc Staff Meet, Mayo Clin 17 369 
(June 17) 1942 (c) Beck, M D , and Eaton, M D J 
Infect Dis 71 97 (Sept) 1942 

13 Transmission of Primary Atypical Pneumonia to 
Human Volunteers Commission on Acute Respiratory 
Diseases, J A M A 127 146 (Jan 20) 1945 

14 Reimann, H A Bull New York Acad Med 
19-177 (March) 1943 




332 


ARCHIVES OF INTERNAL MEDICINE 


Most important from the viewpoint of therapy 
is the differentiation from pneumococcic and 
other bacterial pneumonias Lobar pneumonia 
can usually be recognized as such in its sudden 
onset and marked pulmonary symptoms and 
signs , certain bronchopneumonias, especially 
those with a rapid infiltrative spread from the 
upper respiratory passages, are much more diffi- 
cult to differentiate In primary atypical pneu- 
monia, the mode of onset, repeated chilly sensa- 
tions, dry cough and frequent pam m the chest 
in the absence of distinct physical signs, combined 
with a normal white blood cell count, are char- 
acteristic The roentgenogram is most important 
but may not show changes early in the course 
of the disease 15 When doubt exists as to the 
nature of the pneumonia, the patient should be 
given the benefit of it in the form of a chemo- 
therapeutic test Though prevailing opinion con- 
siders the sulfonamide compounds of no valu£ 
there are some Sc who urge their use to forestall 
secondary bacterial invasion In any event, there 
is m the disease itself no contraindication to 
chemotherapy If no response is obtained after 
two to three days of full doses and of adequate 
blood levels of the drug, it may be discontinued 

Theiapy — I have not been aware of any ther- 
apy w'hich considerably influences the course of 
the disease Sulfonamide compounds have re- 
peatedly been without effect More recently, 
penicillin proved to be equally ineffectual 
Plasma and whole blood were given to some 
of the more seriously ill patients, without 
noticeable improvement Symptomatic treat- 
ment during the acute phase consisted of rest, 
high fluid intake (parenterally when necessary), 
alcohol sponges, codeine and acetylsalicylic acid 
for head and body aching and expectorants 
When pleural pam was severe, procaine hydro- 
chloride was injected locally at the proper level 
Inhalation of oxygen was used in but a few' cases 
for difficulty in breathing During the slow' 
convalescence, supportive therapy in the form of 
a high caloric diet supplemented by multivitamin 
capsules was given Activity was increased 
gradually without necessarily waiting for com- 
plete roentgenologic resolution 10 After being 

15 (a) Smilev, D F , Showacre, E C , Lee, W F , 
and Ferris, H W Acute Interstitial Pneumonitis New 
Disease Entity, JAMA 112 1901 (May 13) 1939 
( b ) McCarthy P V Radiology 40 344 (April) 1943 
Thompson 5c 

16 (a) Drew, W R M , Samuel, E , and Ball, M 
Lancet 1 761 (June 19) 1943 (5) van Ravenswaay, 
A C , and others Clinical Aspects of Primary Atypical 
Pneumonia Stud} Based on 1,862 Cases Seen at Sta- 
tion Hospital, Jefferson Barracks, Missouri, from June 
1, 1942 to Aug 10, 1943, J A M A 124 1 (Jan 1) 
1944 


allowed to be out of bed foi some days, patients 
w ere permitted to gp to mess and then to morn- 
ing exercises for several days prior to discharge 
1 w'as not m a position to use roentgen ray thei - 
apy as recommended by Oppenheimer 17 and 
Hufford and Applebaum 18 Readiness for dis- 
charge w'as based on the roentgenogram of the 
chest, the erythrocyte sedimentation rate and the 
general appearance, particularly as reflected in 
the gam m weight, of the patient Hospitali- 
zation w'as usually of four to seven weeks’ 
duration 

Complications — There W'ere no fatalities in mi 
series Complications were uncommon Eight 
patients w'ere left with a thickened mterlobai 
pleura and 1 with diaphragmatic pleuial ad- 
hesions One patient had a moderateh seveie 
earache without appaient cause, u'hich sub- 
sided spontaneously Turn patients had herpes 
labiahs, 2 had associated malaria I did not 
encounter any thrombophlebitis or chronic pio- 
ductive cough 

REVIEW' or THE LITERATURE 

A review' of a number of leports on pnmary 
atypical pneumonia reveals, as indicated by Rei- 
mann, Havens and Price, 10 that the disease — if 
one is to regard all descriptions as a single dis- 
ease entity — occurs m two pnncipal torms 
(1) a sporadic, more severe illness encountered 
mostly in civilian practice 20 and (2) an epidemic, 
milder form encountered in institutional life in 
schools, army camps and hospitals usually ob- 
served, therefore, among younger persons This 
form is described by most authors 21 It w'ould 
seem that younger persons are better able to com- 
bat the disease and to avoid long sieges of illness 
and complications Even in this 3 oung age 
group, the slowest recoveues were seen in a few 
of the older patients The cases weie of the 
milder type of the disease, and, though the)' 
resembled other series from arm)' souices, they 
differed m a few respects 

17 Oppenheimer, A Am J Roentgenol 49 635 
(May) 1943 

18 Hufford, C E, and Applebaum, A A Radiol- 
ogy 40 351 (April) 1943 

19 Reimann, H A , Havens, W P, and Price, A 
H Etiology of Atypical (“Virus”) Pneumonias, with 
Brief Resume of Recent Discoveries, Arch Int Med 
70 513 (Oct) 1942 

20 Reimann 12 Kneeland and Smetana 4f Longcope ’ n 

21 (a.) Goodrich, B E, and Bradford, H A Am 

J M Sc 204 163 (Aug) 1942 ( b ) Haight, \V H, 
and Trolenger, J H US Nav M Bull 41 988 
(July) 1943 (c) Smiley and others 15 Mavfield 

Duggan and Powers 4b Dingle and Finland 3b Whiteley, 
Bernstein and Goldman 4e Green and Eldndge 4 s Dingle 
and others 1 Correll and Cowan 53 Young, Storey and 
Redmond 4c % an Ravenswaav and others 16b 
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It js probable that many cases diagnosed as 
jpfluenza during World War I were actually 
cases of atypical pneumonia At Foit Sam 
Houston, for example, one fourth of 1,000 
patients with “uncomplicated influenza” had per- 
sistent basal rales, and roentgenographic exami- 
nation revealed local areas of increased density 
m almost all this group 22 Bowen, 88 m 1935, 
described the chaiacteristic roentgenographic pic- 
ture m what appears to have been a mild form of 
the illness, and the follow mg year Allen, 24 again 
hom Fort Sam Houston, xeported 68 cases of 
‘acute pneumonitis” with similar roentgeno- 
graphic features Clinically, the cases w ere char- 
acterized by a “benign course, few physical signs, 
and roentgenologic evidence of localized inflam- 
matory process in the lung,” 

Primary atypical pneumonia, as described by 
the Commission on Pneumonia for the Surgeon 
General, 4(1 bears many similarities to the illness 
m my patients as well as some points of differ- 
ence The described chilly sensations, dry cough 
later becoming productive, relative bradycardia, 
normal or slightly increased respiratory rate, 
involvement of the lower lobes with a few physi- 
cal signs relative to the roentgenographic signs, 
normal white blood cell count, duration of fever 
and prolonged convalescence disproportionate to 
the apparent severity of the disease were all evi- 
dent m this series However, the gradual onset 
mth only mild headache and absence of pleuritic 
* pain differ from the symptoms of my patients 
The cases of Moore, Tannenbaum and Smaha 25 
were similar to some of mine in which the 
patients were less seriously ill, having febrile 
periods of two to five days with complete resolu- 
tion m three or four weeks In the 80 cases 
leported by Green and Eldndge, 4 * as in my 
own, the patients exhibited intense frontal head- 
ache, cough, pain in the chest and meager signs 
i eferable to the chest, one third of the patients 
had a mild tachycardia during convalescence 
Though pain in the chest was present m 35 per 
cent of their patients, pleuritic pain was described 
as rare Another series of cases of military 
ongm, that of Whiteley, Bernstein and Gold- 
man 40 lesembled mine m the lack of definite 
physical signs, the production of blood-flecked 


22 Hall, M W Inflammatory Diseases of the 
Respiratory Tract, in Ireland, M W The Medical 
Department of the United States Army in the World 

irnJ’ Washington, D C, Government Printing Office, 
iy 28, vol 9, p 152 

Bowen > A Am J Roentgenol 34 168 (Aug) 


i 1936 Allen> W H Ann Int Med 10 441 
2s Moore, G B , Jr , Tannenbaum, A J , ; 
8maha T G Atypical Pneumonia m Army Cai 
War Med 2-615 (July) 1942 


sputum and fever of seven to ten days 5 duration 
In these too, unlike others, pleuritic pain was 
laie, a less common feature heie reported was 
a definite leukopenia m all but 1 case 

Duggan and Powers, 411 from their experience 
with naval personnel, described an illness le- 
semblmg that which I observed m its griplike 
onset, minimal physical signs with coarset rales 
after defervescence, relative bradycardia, roent- 
genographic changes, normal blood count and 
absence of complications Their patients were 
apparently less severely ill than mine, requiting 
less hospitalization No pleuritic pam oi hem- 
optysis was encountered, and m three fouiths of 
the patients, the chest was normal on physical 
examination Con ell and Cowan, 8d leportmg 
155 cases, described an abrupt onset with mini- 
mal physical signs in all patients and predomi- 
nance of pathologic conditions in the low ei lobes 
Another repoit fiom naval souices by Haight 
and Trolengei 21b described cases similai to mine 
In the study of Dmgle and his associates 1 
three fourths of the patients had a gradual onset 
of the illness and 35 per cent a preceding infec- 
tion of the tipper respiratory tract Chilliness was 
experienced by 75 per cent, but only 13 per cent 
had shaking chills Cough was present m all 
patients and blood- streaked sputum m 12 per 
cent Pam m the chest was present in 44 per 
cent, m 18 per cent it was pleuritic m nature 
Positive signs referable to the chest chiefly 
sticky, subcrepitant rales at the end of inspira- 
tion, were heard m less than half of the patients 
The roentgenograms, similar to those of my 
patients, showed involvement of the lower lobe m 
70 per cent Stressed also w r as the lack of corre- 
lation betwen physical signs and extent of roent- 
genographic changes The signs often appealed 
late, when the temperature had begun to subside 
The white blood cell count remained normal as 
a rule Duration of hospitalization averaged 
31 7 days (compared with 36 days m my series). 
The only complication of any consequence w as a 
chronic productive cough, suggestive of early 
bronchiectasis but not proved Other complica- 
tions reported from time to time, such as throm- 
bophlebitis, pleural effusion and manifestations 
i eferable to the central nervous system, were not 
encountered During the period of study, 34 
cases of bronchitis lesembling atypical pneu- 
monia, but lacking roentgenographic corrobora- 
tion, were observed, these were considered to 
represent a mild form of the disease 

One of the most comprehensive reports is that 
of van Ravenswaay and others, 10b based on 1,862 
cases In this group, the onset was sudden m 
one third and gradual in two thirds Chilliness 
w as experienced by 68 per cent but associated 
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rigor by only 11 per cent Pam m the chest was 
present in 70 per cent and seemed of pleural 
origin in 48 per cent The value of the erythro- 
cyte sedimentation rate as a means of evaluating 
the course of the disease was stressed — an obser- 
vation with which I fully agree A pertinent 
point concerning the length of hospitalization was 
made Though complications occutred largely 
in those patients who were allowed to be ambula- 
tory soon (four afebrile days), it was not neces- 
sary to wait until the roentgenogiam showed 
complete clearing Patients with two weeks of 
normal tempeiature and a low erythrocyte sedi- 
mentation rate could tolerate exercise without 
reactivation or impaired clearing of the loent- 
genographic picture 

An outbreak of 40 cases of the disease among 
hospital personnel described by Young, Storey 
and Redmond 4c showed many featuies similai to 
the ones described heie Chilly sensations, per- 
sistent cough, headache and generalized aching 
were common These authors stressed also the 
relative bradycardia with increase in the rate at 
lysis, an increase m lespnatory rate only in 
extensive involvement, fever of five to eleven 
days, usual involvement of the lower lobes and 
a lack of complications Another localized ap- 
pearance of the disease, 40 cases representing 
40 pei cent of a company, was described by 
Idstrom and Rosenberg 2 All cases appealed in 
ten days As m this senes, the picture included 
severe frontal headache, dry cough, seven to ten 
days of fever, few physical signs until the fifth or 
sixth day, a sputum negative for pathogenic 
organisms, absence of cold agglutinins and an 
elevated erythrocyte sedimentation late whose 
fall con elated well with the clearance of the 
chest Hospitalization lasted thirty to foity days, 
and there was no fatality 

The disease as described by Rennann, 12 ' 1 Knee- 
land and Smetana 4f and Longcope 5a appeared 
to he of the more severe variety with greater 
toxicity, longer duration, more complications and 
higher fatality Longcope, m fact, divided Ins 
cases into three groups according to the severity 
ot the disease, namely, mild, moderately severe 
and severe The first group was the largest, 
included half his cases and most approximated 
the disease as seen in my patients These seveie 
forms of the disease occurred for the most part 
m sporadic cases among older peisons in the 
civilian population 

CONCLUSIONS 

Primary atypical pneumonia is an acute infec- 
tious, usually self-limited disease occurring m 
varying sererity In the milder form, theie aie 
two distinct phases of the disease namely, a 


short acute febrile period lasting seven to ten 
days and a prolonged interval of convalescence 
during which the pathologic process slowly 
recedes and the absorption of pathologic prod- 
ucts coincides with an increase in heart late and 
white blood cell count and a prolonged elevated 
erythrocyte sedimentation rate Though the dis- 
ease itself is old and has probably been identified 
in the preserved lungs of American Civil War 
soldiers, the growth of our understanding of the 
disease during the past five years stems histori- 
cally fiom two facts 20 The increased use of the 
i oentgenogram has demonstrated a picture that 
is characteristic and differing m its development, 
course and lesolution from that of bacterial pneu- 
monia and, m some cases, has revealed the pres- 
ence of the disease in the absence of other evi- 
dence Also, the use of sulfonamide compounds 
has been followed by a condition leading to a 
better understanding of the disease A ,larger 
numbei of patients with pneumonia w-ere treated 
in the home , those patients w ho failed to i espond 
to tieatment were hospitalized In short, rela- 
tively more patients w ith primary atypical pneu- 
monia leached those institutions in which the 
d’sease could be best studied and segregated 14 
The high incidence of the disease m the sei vices 
also added to the knowdedge concerning it 

The nature of the pathologic process has, in 
seveial ways, made the disease difficult to diag- 
nose The lesions’ being interstitial rather than 
exudative into the air spaces results in the 
absence of dyspnea, tachypnea and cyanosis and 
minimizes physical signs, thereby focusing at- 
tention away fiom the chest Moreover, even 
though the clinician be well awaie of the early 
symptoms and be piompted to older that a l oent- 
genogram be made, he is apt to be misled by the 
delay m appearance of roentgenologic changes 
unless he repeats the study after several days 
The tendency on viewing the first, noimal roent- 
genogiam is to legard the condition as an infec- 
tion of the upper respiratory tiact and to 
dischaige the patient shoitly aftei the fever has 
subsided, just when continued rest is of great 
importance in pre\ entmg the spread of the pneu- 
monic process A greater awareness of this con- 
dition is still necessary 

Proper treatment of the disease requires an 
understanding not only of the nature and high 
incidence of the illness but also of its pathology 
and of the lack of correlation between physical 
and roentgenologic signs and of the course of the 
disease piocess 

Lieutenant Colonel W W Bondurant Jr, Army of 
the United States, cooperated in this stud} 

26 Spink, W W Minnesota Med 26 337 (Aprd) 
1943 
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CLINICAL AND PATHOLOGIC OBSERVATIONS 
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With the increasing knowledge of the impor- 
tance of porphyrin metabolism and with the m- 
ci easing fiequency with which porphyria has 
been reported, theie has been widespread inter- 
est m this fundamental subject There is lack 
of knowledge, however, of the biologic mecha- 
nisms involved as well as of the cause pf the 
varied symptoms In this connection I thought 
that the lesults of my observations, both clinical 
and pathologic, might be of interest 

The poiphynns are widely distributed m na- 
ture 1 They form part of the complex molecule 
of hemoglobin, myoglobin and cytochrome The 
poiphynns anse m the body during synthesis of 
hemoglobin lather than during its destruction, 
as had been pieviously assumed 2 A number of 
excellent comprehensive reviews of the subject 
of porphyrins have appeared in the lecent litera- 
ture, 3 some of the reports being particularly 
pertinent to this paper 

Small amounts of porphyrin of the isomeric 
series I and II are excreted as copioporphynn I 
and III m the urine of normal persons While 
porphyrin I is not utilized and is excreted m the 
urine as coproporphyrm I, the porphyrin III 
which is not utilized, owing to its being synthe- 
sized m amounts greater than that required to 
enter into the formation of hemoglobin or owing 
to a possible toxic block, 4 is excreted as copro- 
porphyrin III In porphyria as well as m a great 
vanety of other diseases, these pigments are ex- 
creted in amounts far above the normal range 

* Formerly from the Department of Pathology, Uni- 
versity of Illinois College of Medicine, Chicago 

1 Dobriner, K, and Rhoads, C P The Porphyrins 
m Health and Disease, Physiol Rev 20 416-468 (July) 
1940 

2 Nesbitt, S Excretion of Coproporphyrin in He- 
patic Disease, Arch Int Med 71 483-488 (April) 1943 

3 (a) Dobriner and Rhoads 1 ( b ) Waldenstrom, 

J Studien uber Porphyria, Acta med Scandinav, 
1937, supp 82, pp 1-254 (c) Watson, C J Por- 

phyrins and Diseases of the Blood, in Symposium 
on Blood, Madison, Wis , University of Wisconsin 
Press, 1939, pp 14-30 ( d ) Mason, V R , Courville, 

^ B , and Ziskmd, E The Porphyrins in Human 
Disease, Medicine 12 355-439 (Dec) 1933 

4 Dobriner and Rhoads 1 Watson^ Nesbitt 2 


THE UNITED STATES 

The forms of porphyria have been classified 
into three broad groups congenital, acute and 
chronic While these represent a general classi- 
fication, some stiikmg variations in the symp- 
toms may be observed, and occasionally the 
case may present features of more than one 
group This variability was illustrated m the 
case to be described, which presented some of 
the clinical features found m congenital as well 
as m acute porphyria 

In congenital porphyria, the onset is usually 
early in life but may be delayed until the patient 
is 15 years of age There is a familial tendency 
Photosensitivity is prominent, and a chronic 
bullous or erythematous dermatitis with exacei- 
bations m the spring and summer is present The 
urine is burgundy red at times, with large 
amounts of coproporphyrm I or uioporphynn I 
oi III At autopsy, very little may be .observed 
except a pinkish discoloration of the teeth and 
bones 

In acute porphyria the attacks are frequently 
chaiacterized by a sudden onset, with severe 
abdominal pain and obstipation The symp- 
toms 3b may be classified into three types ( 1 ) 
abdominal, (2) nervous and (3) mental They 
may occur singly or may be combined Fre- 
quently the acute attacks ate ushered in with 
the menstrual period, or they may occur post 
partum It has recently been pointed out 5 that 
acute porphyria is as much a familial disease as 
congenital porphyria, with the underlying 
mechanism an inborn error of pigment metab- 
olism 

Hypertension and tachycardia are frequent 
Thei e is often a low grade fever, and leukocytosis 
may be present Nervous symptoms, such as 
severe pams and weakness m the extremities, 
bulbar weakness and a symmetric paralysis of 
the lower motor neuron type with flaccidity and 
loss of reflexes, may develop c A classic Landry 

5 Nesbitt, S Acute Porphyria, JAMA 124 
286-294 (Jan 29) 1944 

6 Hoagland, P I Acute Porphyria Report of 
Two Cases with Neurologic Manifestations, Proc Staff 
Meet, Mayo Clin 17 273-281 (May 6) 1942 
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type of paralysis has been described With the 
development of neurologic manifestations, a mor- 
tality as high as 75 per cent may be expected 
Remissions and improvement do occur, particu- 
larly with the abdominal type, in which recur- 
rences are frequent Occasionally various mental 
changes 0 are observed The urme may be bur- 
gundy red, or it may be amber, but on exposure 
to sunlight it changes to the characteristic color 
A simple test for porphyrins in the urme has 
been recently described by Watson and Schwartz 7 
The increased porphyrins in the blood may be 
detected by a number of methods Copropor- 
phyrin I and III have been observed in the 
feces 8 The pathologic observations are meager, 
but the most extensive descriptions have been 
presented by Waldenstrom 3b and Mason, Cour- 
ville and Ziskind 311 

Acute porphyria has been further classified 
into acute toxic and acute ideopathic forms , 
however, these forms apparently present no fun- 
damental clinical differences, 3 the differentiation 
being made on the history of an exciting etiologic 
agent Chrome porphyria is not well character- 
ized and possibly does not represent a distinct 
form but may constitute a mild form of either 
congenital or acute porphyria 

It was thought of interest to study the reac- 
tion of the capillaries, gastrointestinal motility, 
and blood chemistry and to attempt to correlate 
these factors with some of the protean symptoms 
of porphyria Rusk and Howell 8 showed that in 
experimental animals injections of hematopor- 
phyrin had a pronounced effect on the circula- 
tion, particularly the cutaneous circulation, with 
a gradual rise m blood pressure beyond the nor- 
mal followed by a fall, vascular collapse and 
death Theie was presented evidence that the 
hematoporphyrin combined slowly with a sub- 
stance or substances in tissues and that this 
compound was formed in the dark as well as m 
the light It was the action of light on this com- 
bination that gave rise to the injurious effects 
The action of the porphyrins on the gastroin- 
testinal tract has been variously ascribed by dif- 
ferent authors to different mechanisms, that is, 
the disturbed function has been thought to be 
due to lesions of the sympathetic ganglions 
(Mason, Courville and Ziskind 3d ) or to a toxic 
effect on muscles which is not abolished by atro- 
pine (Dobriner and Rhodes 1 ) or to the action 
on the autonomic nervous system 5 

7 Watson, C J , and Schwartz, S A Simple Test 
for Urinarj Porphyrobihnogen, Proc Soc Exper Biol 
& Med 47 393-394 (June) 1941 

S Rask, E N , and Howell, W H Photodynamic 
Action of Hematoporphyrin, Am J Physiol 84 363- 
377 (March) 1928 


REPORT OF A CASE 

The patient, a 20 year old woman, was referred to 
me by Dr M Waisman because of the sudden devel- 
opment of severe abdominal pams, nausea and persis- 
tent vomiting 

She gave a history of being entirely well until the 
age of 16, when, after the onset of menstruation, she 
noted the occurrence of a bullous eruption over the 
exposed portions of the body The condition was 
worse in the spring and summer, when she blistered 
easily on exposure to the sun The cutaneous condi- 
tion was later diagnosed as epidermolysis bullosa 

In March 1940 she had her first attack of general- 
ized abdominal pain and persistent vomiting An ex- 
ploratory operation was performed, and a normal 
appendix was removed. After the operation the com- 
plaints gradually subsided 

In October 1940 she had another attack of abdominal 
pam and persistent vomiting, and jaundice developed 
This was associated with a mild psychotic episode 
This acute phase persisted for a period of seven weeks, 
and the diagnosis of acute porphyria was established 9 
The urine was reddish brown and contained large 
amounts of coproporphyrm and uroporphyrin as the 
zinc metal complex A decided increase of porphyrins 
was also demonstrated in the blood The bilirubin of 
the blood increased to 19 8 mg , and the van den Bergh 
reaction was direct The serum protein was 8 Gm 
per hundred cubic centimeters, and the albumin-globulin 
ratio was 1 1 to 1 Tests of sensitivity to light showed 
the patient to be sensitive to the far ultraviolet portion 
of the spectrum 

The urinary excretion of porphyrin varied consider- 
ably from time to time, and a urinary excretion of 
coproporphyrm up to 3 mg in twenty-four hours was 
reported 10 early in 1941 

When first seen, on May 29, 1941, in addition to 
having pams and vomiting of two days’ duration, the 
patient felt cold in spite of the intense heat (the tem- 
perature ranging in the nineties), and she complained 
of severe pams in the knee joints On physical exam- 
ination the pulse rate was found to be 120, the tem- 
perature 99 F, and the blood pressure 130 systolic and 
110 diastolic The abdomen was soft, there was no 
rigidity or tenderness, and the peristaltic sounds were 
diminished The remainder of the physical and 
neurologic examination showed nothing abnormal As 
there is no specific treatment for acute porphyria be- 
sides general supportive measures, various attempts 
were made to control the course of the symptoms The 
first day, the patient was given 10 cc of a 10 per cent 
solution of calcium gluconate by injection with no 
demonstrable effect, and morphine was given to con- 
trol the pain 

The variations in blood pressure and pulse rate mav 
be observed m figure 1 The next day, May 30, her 
condition remained unchanged She was given 1 cc of 
a solution of ergotamine tartrate hypodermically, after 
which she felt warm and began to perspire, the ab- 
dominal pain persisted, however The following day 
the vomiting diminished, otherwise the condition re- 
mained unchanged She was then given atropine, 0 45 
mg orally four times daily, with complete subsidence 
of the vomiting , however, the pams persisted On 

9 Nesbitt, S , and Watkins, C H Acute Por- 
phyria, Am J M Sc 203 74-83 (Jan) 1942 Nes- 
bitt, S Personal communication to the author 

10 Cornbleet, T Personal communication to the 
author 
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June 1, trasentm (diphenylacetyl-diethylammoethanol 
hydrochloride) tablets were substituted for the atropine 
On the following day it was noted that the pains were 
worse and that the pulse rate and diastolic blood pres- 
sure were still elevated, with tire pulse rate being 130 
and the blood pressure 120 systolic and 96 diastolic 
She was given 1 cc of a 1 2,000 solution of neostig- 
mine bromide subcutaneously, and m one hour there 
was a definite diminution of the abdominal pains, which 
continued to subside The next day, on examination, 
she showed a pronounced improvement, the pulse rate 
and blood pressure having dropped to normal She 
complained of only an occasional pain Another cubic 
centimeter of neostigmine solution (1 2,000) was ad- 
ministered, and the patient felt entirely well 



Fig 1 — Daily record of the blood pressure and pulse 
rate 


The significant laboratory observations were a 
pinkish color of the urine, which turned darker on 
standing, erythrocyte count, 4,200,000, hemoglobin con- 
tent, 85 per cent, leukocytes, 5,500, neutrophils, 63 
per cent, and lymphocytes, 36 per cent 

In the interval succeeding this attack, the patient 
ivas seen on two occasions Except for her cutaneous 
lesions, she felt entirely well, and the examination 
showed nothing abnormal 

The observed acute attack was characterized by per- 
sistent vomiting, abdominal pam and diminished peri- 
staltic sounds on auscultation Further, there were 
present vasomotor phenomena, such as an increased 
blood pressure, particularly the diastolic, the sensation 
of severe cold in spite of the intense heat, lack of 
perspiration and articular pains The question raised 
was whether the improvement which was observed 
after the injection of neostigmine bromide was a 
chance coincidence, for spontaneous remissions of the 
acute attacks do occur, or whether there was a definite 
causal relation, for the remissions do not occur 
as abruptly as did the one observed In order to 
answer this question, it was decided to postpone re- 
porting these observations until they could be con- 
firmed either on other patients or on this patient during 
another attack In addition, it was thought of interest 
to study reactions of the capillaries, gastrointestinal 
motility and blood chemistry and to attempt to corre- 
late these with the symptoms In another acute attack 
involving the same patient the following obsenations 
were made 


On June 17, 1942, the patient again bad an ; 
attack similar to the one previously observed 
onset occurred with the menstrual period, as m 
previous attack The external temperature again 
high, although she complained of being chilled 
Pfmical examination the pulse rate was found t< 
u and the blood pressure 130 sjstohc and 90 dias: 
ihe skm was dry and the abdomen soft, and i 
s altic sounds uere absent The patient was given 

S0 \ l f° n f ne °5tigmine (1 2,000) hypodermic 
her which she began to perspire, there was : 


diminution of abdominal pam, and peristaltic sounds 
were heard over the abdomen The articular pains 
were unaffected On June 19 the condition was the 
same as that originally observed She was given 1 cc 
of the neostigmine solution and 6 mg of mecholyl 
bromide, which produced severe vomiting, salivation, 
,a feeling of heat replacing the feeling of cold, profuse 
perspiration and complete relief from the abdominal 
and the articular pains There was a drop m blood 
pressure and an increase in pulse rate After three 
hours the articular pains recurred 

On June 20 it was noted that after the injection the 
vomiting ceased, and it never recurred, considerable 
peristalsis was present over the abdomen The patient 
was given 3 tablets of neostigmine bromide (15 mg 
each) daily and 1 cc of the solution by injection The 
following day the abdominal pains recurred, with dimin- 
ished peristalsis After injection of 1 cc of neostigmine 
solution there was a diminution of pam and increased 
peristalsis 

For the next six days she continued to improve 
symptomatically By June 28 the abdominal pams had 
subsided completely, and the patient felt well, however, 
the blood pressure was persistently elevated, being 148 
systolic and 100 diastolic, and the pulse rate was rapid 
There was an icteric tmge to the scleras The next 
day she complained of some weakness m the arms and 
legs, and in the evening she spoke irrationally The 
following day, June 30, a definite increase m muscular 
weakness was present The weakness in the arms and 
legs was more pronounced m the proximal than in 
the distal segments She could move only her toes, 
fingers and hands Tendon reflexes and the Babinski 
sign were absent Sensibility to pain was intact as 
well as the position sense in fingers and toes She 
was given 1 cc of neostigmine solution and 1 mg of 
mecholyl, with a transient increase in muscular strength 

The patient became rapidly weaker, the pulse rate 
increased Finally she showed difficulty in phonation, 
Cheyne-Stokes respiration developed, and she died on 
July 2, 1942 

Laboratoiy Obsovations — The observations are sum- 
marized in the table In addition, the blood exhibited 
a red fluorescence indicative of the presence of por- 
phyrin ii The value for serum protein was elevated, 
as was evidenced m a previous attack 11 

The alhumm-globuhn ratio of H to 1 was also sim- 
ilar to that observed in a previous attack After the 
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Record to the left shows gastric atony, after P (injec- 
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admmistration of mecholyl and neostigmine, the only 
significant change in the blood chemistry w as an fJ 
crease in the blood sugar 'as an in- 

An interesting observation was the reduction m the 
coagulation ti me (measured V Howell's method) A,! 

11 Mason, H L 
author 
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though there was no evidence of thrombosis at autopsy, 
difficulty was experienced m inserting the needle into 
the peripheral veins while the patient was uhder ob- 
servation 

Gastric Motor Activity — At the onset of the last 
attack, before any medication was administered, a 
balloon was passed into the stomach in order that a. 
recording of gastric contractions might be made 
Varying reports of increased or diminished activity as 
observed fluoroscopically may be found in the litera- 
ture 3 The kymographic tracing may be observed in 
figure 2 During a sixty minute control penod, the 
stomach remained dilated, and no gastric contractions 
were recorded After the injection of 1 cc of neostig- 
mine solution (1 2,000) in one and one-half minutes, 
gastric contractions were recorded, which increased in 
amplitude to reach a maximum At first the waves 
were regular, and then they became irregular, although 
the height of the contractions remained the same 

Observations on the Capillaries of the Skm — The 
capillaries were observed through a capillary microscope ^ 
At the onset, m observations on the hand under low mag- 


nification, the skin appeared pale, and the capillaries 
appeared either as faint violaceous loops or as dots 
From one to three capillaries were visible per low 
power field On the nail bed four capillaries were 
visible per low power field They were short and 
extremely dilated and presented the picture of stasis 
In only one of the four capillaries m a field was move- 
ment of blood seen In some of the capillaries an 
aneurysmal dilatation was present Within a short 
time after the injection of solution of neostigmine, very 
little change in the capillaries was seen A number of 
hours later considerable capillary activity was observed, 
and again a few showed an aneurysmal dilatation Al- 
though the capillaries were slightly increased in number, 
they were still much fewer than the number observed in 
the normal skm , 

After the injection of both neostigmine and mecholyl 
solution, a. ^tanauaced increase, m the. number of. capil- 
laries was visible, the number increased to fifteen to 
twenty per low power field They were of various 
shapes and showed considerable activity On the nail 
bed many capillaries were seen, they were tortuous 


Results of Determinations on the Blood 
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Fig 3 — Photomicrograph of liver Area of severe 
degenerative changes, sharply demarcated, is seen in 
the lower half of the field (x 400) 


and active Even though they were dilated, red blood 
cells could be observed moving rapidly along 

Autopsy Observations — Gross observations revealed 
very little except a pinkish tinge of the tissues The 
cartilage and the tissues of the breast were pink, and the 
bone presented reddish discolorations The brain and 
spinal cord were reported by Dr Percival Bailey as 
being essentially normal Microscopically, the liver 
showed diffuse degenerative changes, extreme granular 
cytoplasmic swelling and some vacuolation, with small 
localized areas of normal hepatic tissue The hepatic 
cells in both the normal and the degenerated areas 
showed a yellowish pigment, with the amount of pig- 
ment being much less in the normal areas The 
Kupffer cells were swollen and filled with a non-iron- 
contammg pigment Some of the hepatic changes may 
be observed in the photomicrograph (fig 3) 

In the kidneys a number of the glomeruli showed a 
definite thickening of Bowman’s capsule , otherwise, 
there v’ere no significant changes 

Except for focal areas of bronchiolar pneumonia in 
the lungs, the other organs were normal 

COMMENT 

The primary disturbance was a decided in- 
crease of the porphyrin m the "blood Lopropor- 
phyrm was excreted by the liver and kidneys, 
the liver being the more important organ of 
excretion 12 Seveie parenchymatous damage to 

12 Nesbitt 2 Nesbitt, S, and Snell, A M The 
Excretion of Coproporphyrin in Hepatic Disease I 
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the liver was observed, with focal areas of 1 da- 
tively normal hepatic tissue lemaming With 
increasing parenchymatous hepatic damage, mas- 
sive amounts of copiopoiphyim were excreted m 
the urine by a mechanism similai to the excre- 
tion of bile pigments 12 

The pressor episode, that is, the episode char- 
acterized by elevated blood piessure, sensation of 
cold and increased pulse rate, was probably a 
result of the extreme capillary spasm observed 
in the skin Injury to the capillaries m the form 
of aneuiysmal dilatations was obseived While 
no similar observations have been reported m 
the literature, Waldenstrom 313 has reported 
changes m the arterioles m the foim of subacute 
inflammatory changes, medial neciosis and scle- 
rosis m seveial cases of porphyria These aneu- 
rysms m the capillaries of the skin may be the 
result of the long-continued action of the por- 
phynns or the result of the interaction of sun- 
light on the tissues by a mechanism similai to 
that described by Rask and Howell 8 The bullae 
an sing m the skin as a result of exposure either 
to sunlight or to direct trauma may be related to 
the increased permeability of the capillaries, 
which in turn is the result of the injury to the 
capillaiy Further studies are necessary to 
answer this question The pains m the joints ap- 
pear to have been due to capillary spasm with 
possible microscopic hemorrhages, for with re- 
lease of the spasm immediate relief of the pam 
was observed 

At the same time that the capillary spasm was 
observed, a noticeable disturbance m gastric 
contractility was seen m the form of a pro- 
longed period of atony, interrupted only by a 
brief rush of reverse peristalsis In addition, 
there was an absence of peristaltic sounds over 
the abdomen Immediately after the injection of 
neostigmine solution, the resumption of gastric 
contractions was recorded The action on the 
capillaries was less noticeable With the com- 
bined lpjection of mecholyl and neostigmine 
solutions, a pronounced reaction occurred, with 
definite capillary dilatations and gastric and in- 
testinal conti actions Associated with these there 
was complete symptomatic relief of varying dura- 
tion As the reported action of neostigmine is to 
inhibit the destructive action of cholinesterase on 
acetylcholine and the action of acetylcholine (to 
which mecholyl is closely related) is manifested 
by parasympathetic stimulation and is necessary 

Urinary and Fecal Excretion as Correlated with Paren- 
chymatous Hepatic Damage, Arch Int Med 69 573- 

tj i ’ Hu ^ Urinary and Fecal Excretion m 

Bihary Obstruction, ibid 69 582-588 (April) 1942 


for the tiansmission of neivous impulses , 13 the 
question anses as to the action and the site of 
action of the porphyrins as well as to their rela- 
tion to the action of the drugs just mentioned 

While considerable research must be done to 
explain the action of the porphyrins on the ner- 
vous system, there is evidence to suggest several 
hypotheses The porphynn may produce a block 
m neuromuscular transmission and inhibit the 
action of acetylcholine at synapses, parasympa- 
thetic nerve endings and myoneural junctions 
and in the blood In this connection, while the 
poiphyrms circulate m the blood, the assump- 
tion of specificity and localization of action must 
be made In support of this hypothesis may be 
cited by analogy the repoit of Rabat and Knapp , 14 
who observed many examples of localization and 
specificity of the action of neostigmine in patients 
with poliomyelitis, although the drug is pre- 
sumably distributed evenly throughout the body 
Further suppoit of the concept of a toxic block 
might be assumed m the results of lecent obser- 
vations m myasthenia gravis , 15 concerning which 
it is believed that the muscular weakness is due 
to some substance m the blood, possibly secieted 
by the thymus gland, which produces a block in 
neuiomuscular transmission and inhibits the 
normal action of acetylcholine on voluntary mus- 
cle The action of neostigmine in myasthenia 
gravis, accoidmg to this assumption, has been 
thought to pioduce some antagonistic effect on 
this inhibiting substance and to restore the nor- 
mal release and rate of hydrolysis of acetylcholine 
A possible action of the porphyrins may be to 
interfere with the control of the rate of hydroly- 
sis of acetylcholine and with its relation to 
chohnesteiase Anothei possibility is that the 
porphyrins may interfere with the mechanism of 
synthesis and release of acetylcholine as postu- 

13 Sollmann, T A Manual of Pharmacology, ed 6, 
Philadelphia, W B Saunders Company, 1942 Lorente 
de No, R Liberation of Acetylcholine by the Superior 
Cervical Ganglion and the Nodosum Ganglion of the 
Vagus, Am J Physiol 121 331-349 (Feb) 1938 
Nachmansohn, D , and Meyerhof, B Relation Between 
Electrical Changes During Nerve Activity and the Con- 
centration of Choline Esterase, J Neurophysiol 4 348- 
361 (July) 1941 

14 Kabat, H, and Knapp, M D The Use of 
Prostigmine in the Treatment of Poliomyelitis, J A 
M A 122.989-995 (Aug 7) 1943 

15 Wilson, A , and Stoner, H B Myasthenia 
Gravis A Consideration of Its Causation in a Study 
of Fourteen Cases, Quart J Med 13 1-18 (Jan ) 1944 
Harvey, A M, Lihenthal, J L, Jr, and Talbot, 
S A Observations on the Nature of Myasthenia 
Gravis The Effect of Thymectomy on Neuromuscular 
emission, j Chn Investigation 21 579-588 (Sept ) 
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lated in recent reports 1G A third possibility is 
that the action of the porphyrins on the nervous 
system may be the result of a combination of 
these factors, that is, a possible interference with 
the mechanism of the formation and release of 
acetylcholine 10 and an interference with the con- 
trol of the rate of the hydrolysis of acetylcholine 
and with its relation to cholinesterase 13 Varia- 
tions must be assumed in the severity of action as 
well as in the site of action, whether the involve- 
ment be the peripheral or the central neurons, 
the preganglionic or the postganglionic nerves 
the nerve synapses or the neuromuscular plates , 
for various reports have told of autonomic dys- 
functions, of varying paralyses of upper and 
lower extremities with and without recover}’’, of 
successive episodes of transient paralysis, of 
ascending paralysis of the Landry type and of 
psychotic episodes In spite of the striking clin- 
ical alterations referable to the nervous system, 
repeated examinations at autopsy have failed to 
show any abnormal changes 

My observations, both expenmental and clin- 
ical, tend to emphasize the functional aspects of 
the nervous disorder and to suggest the hypoth- 
esis that the porphyrins may produce a block 
in neuromuscular transmission of varying de- 
grees of severity, which may possibly interfere 

16 Nachmansohn, D , and Machado, A L The 
Formation of Acetyl Choline A New Enzyme, “Cho- 
line Acetylase,” J Neurophysiol 6 397-403 (Sefrt - 
Nov ) 1943 Nachmansohn, D , Cox, R T , Coates, 
C W , and Machado, A L Action Potential and 
Enzyme Activity in the Electric Organ of Electro- 
phorus Electricus II Phosphocreatine as Energy 
Source of the Action Potential, ibid 6 383-396 (Sept- 
No\ ) 1943 


with one or more of the phases of the action of 
acetylcholine on neurons, synapses, parasym- 
pathetic nerve endings and myoneural junctions 
and in the blood In addition, the action of the 
porphyrins on the blood vessels, organs and tis- 
sues of the body, as reported here and more 
extensively in the literature, must be considered 

By way of criticism, it may be pointed out 
that the use of acetylcholine (or mecholyl) is 
dangerous and may be productive of more harm 
than benefit Greater experience m the use of 
neostigmine m the symptomatic treatment of this 
condition is necessary in order to evaluate its 
therapeutic efficiency 

SUMMARY 

An unusual case of acute porphyria was ob- 
served, and striking clinical and laboratory fea- 
tures as well as significant observations at 
autopsy were studied 

Obseivations on the status of the capillaries 
of the skin during the acute attack were made, 
indicating extreme capillary spasm and evidence 
of injury to some of the capillaries in the form of 
aneurysmal dilatation In addition, definite al- 
terations in gastric contractility were recorded 

The action of injections of acetj 1-beta-methyl- 
chohne chloride (mecholyl) and neostigmine 
bromide on the status of the capillaries of the 
skin, on gastric contractions and on altering the 
clinical pictui e was observed, as was the duration 
of the action 

The use of neostigmine and mecholyl (particu- 
larly of the latter) m the symptomatic treatment 
of the acute phase of this disease may be dan- 
geious and harmful 
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That nutritional deficiency is associated with 
cardiac dysfunction has been recognized for 
almost sixty yeais Kakke, which means disease 
of the legs,” was the subject of a paper by the 
Japanese authoi Takaki m 1886 1 To others this 
disorder was known as beriberi The Hollander 
Eijkman 2 and the Englishmen Fraser and Stan- 
ton 3 offered proof of the relation of beriberi to 
the consumption of a diet of polished rice The 
elucidation of the cause of oriental beriberi is 
correlated with the development of knowledge 
concerning the vitamins 

HISTORY AND CLINICAL DESCRIPTIONS 
OF BERIBERI 

As is well known, beriberi was prevalent in 
the Philippines Chamberlain 4 reported that 
among 5,000 Philippine Scouts there were always 
100 to 600 incapacitated from beriben Their 
diet consisted essentially of 12 ounces (340 Gm ) 
of beef, 8 ounces (230 Gm ) of white floui, 
8 ounces of potatoes or onions and 20 ounces 
(560 Gm ) of polished rice On changing the diet 
by substituting 16 ounces (450 Gm ) of unpol- 
ished rice and 1 % ounces (45 Gm ) of beans foi 
the 20 ounces of polished rice and by including 20 
ounces of sweet potatoes, the number of cases of 

From the Department of Internal Medicine of the 
University of Utah 

Presented as guest speaker, at the Fifteenth Annual 
Postgraduate Symposium on Heart Disease, San Fran- 
cisco, Oct 27, 1944, unde rthe auspices of the Heart Com- 
mittee of the San Francisco Tuberculosis Association 
The experimental studies on pigs described m this report 
were carried out with the aid of grants received chiefly 
from the Rockefeller Foundation, Parke, Davis & Com- 
pany and the Upjohn Company 

1 Takaki, K Results of the Preventive Measures 
taken Against the Occurrence of Kakke Among the 
Japanese Marine Prisoners, Sei-i-Kwai M J 41 43, 
1886 , cited by Brandon, W L The Cause and Preven- 
tion of Beriberi, London, Rebman Co , 1907 

2 Eijkman, C Polyneuritis and Beri-Beri, Arch f 
Schiffs- u T ropen-Hyg 15 698, 1911 

3 Fraser, H , and Stanton, A T Studies from the 
Institute for Medical Research m the Federated Malay 
^tates, no 10, 1909, no 12, 1911, The Etiology of 
Heriberi, Lancet 1 451, 1909 , 2 1755, 1910 

4 Chamberlain, W P Prevention of Beriberi 
Among Philippine Scouts by Means of Modification m 
Diet > JAMA 64 1215 (April 10) 1915 


the disease soon decreased to 50, then to 3, then 
to 2 and then to none 

Beriberi was also well known m the West 
Indies and m South America In Newfoundland, 
wheie the cheapest food is white flour and where 
hunting and fishing in the winter are prohibited 
by the severity of the weathei, the condition 
makes its appearance in the spring after a wintei 
of a diet consisting mainly of white flour and 
tea Not many cases have been described in 
the United States In 1928, however, Scott and 
Herrmann 5 reported inaladie des jantbes in 
Louisiana This was observed in the rice- 
producmg parishes of that state among the nce- 
eating natives, who raised chickens, eggs and 
other foods but sold them, together with their 
unpolished rice, and bought with the funds so 
obtained polished rice Their favorite and regu- 
lai diet, us et sauce, was composed of polished 
rice and bacon grease These investigators also 
reported an outbieak of beriberi among the 
inmates of the Orleans Parish Prison, whose 
prison fare consisted of a stew of salt pork or 
beef and boiled hard cowpeas or beans or of 
carrots and soup and white bread, molasses and 
water Milk or fresh vegetables or fruits were 
not served 

The outstanding symptoms in these peisons 
were palpitation, dyspnea and edema, which led 
to a diagnosis of heart disease with congestive 
heart failure In the rice belt the condition 
showed a predilection for men When severe it 
ran a relatively short course, ending fatally 
within a few weeks In the majority of cases 
the progress was slow Just preceding or accom- 
panying the appearance of edema of the lower 
extremities, palpitation developed Dyspnea, at 
first barely noticeable, became extremely severe 
m time Enlargement of the aiea of the heart, 
cardiac dilatation, valvular incompetence, a 
feeble, rapid soft and irregular pulse and often 
also an enlarged tender liver, accumulating 1 
edema, ascites, hydrothorax and hydroperi- , 
cardium ensued These signs and symptoms ! 

— — ■■ — i ~ i 

5 Scott, L C , and Herrmann, G R Beriberi 1 
(“Maladie des Jambes”) in Louisiana, JAMA 90 J 
2083 (June 30) 1928 w >' 
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were accompanied with a feeling of weakness of 
the limbs and localized pains and tenderness m 
the muscles of the calf Efforts to extend the 
foot against opposition were weak, and the 
stiength of the gup of the hand was diminished 
Sensory disturbances and diminution 01 absence 
of deep tendon reflexes completed the clinical 
picture Frequently a history of nausea and 
vomiting was elicited , diarrhea occui red m a 
number of these persons, and m many pain on 
pressuie m the epigastrium was noted A pie- 
systolic gallop lhythm was observed occasionally 
Electi ocardiograms revealed small complexes, 
normal T waves in lead I or III, slight to 
moderate left ventricular preponderance and 
some slurring and slight aberrations in the ven- 
tricular complexes 

Keefer, 6 working in the Orient, described foui 
varieties of benbeii namely, (1) neuntic, (2) 
edematous, (3) cardiac and (4) mixed A num- 
ber of leports have appealed m past yeais de- 
scribing cases of beriben m various paits of the 
w orld Among these should be mentioned those 
of Soma W eiss 7 and his associates in Boston 
These workers described beriben heart as occur- 
ring as often as once m every 160 admissions to 
the medical wards of the Boston City Hospital 
and as being more frequent than congenital heart 
disease and subacute bacterial endocarditis Most 
of these patients were chronic alcoholic addicts 
The cardiovascular disturbances were attributed 
tc thiamine deficiency They found that the 
circulatory failure m wet beriben might involve 
i either the light or the left side of the heart or 
! both Whereas Aalsmeer and Wenckebach de- 
; scribed only “right-sided failure ” Weiss also ob- 
served patients with orthopnea, cardiac asthma, 
pulmonary congestion and edema Breathless- 
ness, palpitation, tachycardia, gallop rhythm, 
murmurs and venous congestion ivere present 
In severe involvement bounding pulsation of the 
t arteries with pistol shot sounds developed 
i Physiologic studies on patients wtih wet ben- 
ben, particularly those with high venous pies- 

0 sures and edema, indicated that the aitenoles 
t were dilated, the utilization of oxygen m the 

1 \ enous blood w'as small and the velocity of blood 
1 i flow w as absolutely or relatively rapid The vital 
r capacity of the lungs w as often severely reduced 
[) Dock 8 described 5 cases of congestive heart 
2 ' failure of obscure cause, in rvhich there were re- 

ti . 

1 6 Keefer, C S The Beriberi Heart, Arch Int 

Med 45 1 (Jan) 1930 

‘ ' Weiss, S Occidental Beriberi with Cardiovas- 

,-icular Manifestations, JAMA 115 832 (Sept 7) 

- i94 0 H ' 

:r 

si ■ 8 Dock, W Marked Cardiac Hypertrophy and 

I Mural Thrombosis in the Ventricles m Beriberi Heart, 
* T r A Am Plnsicians 55 61, 1940 


currmg periods of dyspnea as well as embolic acci- 
dents involving the systemic and pulmonaiy 
circuits In these cases pronounced cardiac 
hypertrophy and mural thrombi in the auricles 
and ventncles were found, but there wns no evi- 
dence of endocarditis, myocaiditis, coronary dis- 
ease or aitenolar scletosis The diets of these 
persons had been pool One of them lecovered 
when fed a “high calory, high vitamin” diet but 
died m a latei episode when he w'as given a 
“low salt, cardiac diet ” A someu hat similar 
case was the subject of a clinical pathologic 
conference at Stanford Umvei sity 9 and w as dis- 
cussed by Dr Tinsley Harrison In this case the 
heart failure w r as chronic, it w r as lesistant to 
digitalis and, peculiarly in view' of the alleged 
causation, also unresponsive to thiamine 

Aalsmeer and W enckebach 10 ascribed the 
caidiac enlargement found in patients w'lth w r et 
beriberi to edema of tbe cardiac musculature 
New' comb, 11 on the other hand, could not demon- 
stiate any mciease in fluid and considered the 
cardiac enlargement to be true hypertrophy 
Weiss stated that postmortem studies levealed 
a moderately or severely dilated heart without 
coronary or endocardial disease In some cases 
of fatal cu dilatory collapse the caidiac dilatation 
w'as lacking In certain instances myocardial 
hyperti ophy was observed Microscopically, 
interstitial edema, or collagen, and hydropic 
degeneration as reported by Wenckebach 10 w'as 
noted, but in other cases no microscopic changes 
w'ere found In 2 of Dock’s cases 8 small patches 
of fibrous scarung of the left ventricle w'ere 
descnbed In the case of Rytand and Cox, 9 
there w'as no evidence of recent musculai injury', 
and most of the myocardium w r as free of scars 
Heie and there a small dense scar contained a 
gi oup of lymphocytes 

CAUSE or BERIBERI 

That these cases represent the effects of nutri- 
tional deficiency is suggested by strong circum- 
stantial evidence The relation of dietary defi- 
ciency to beriberi has by no means been readily 
accepted, how'ever McCarrison, 12 foi example, 
suggested that the disease may have a bacterial 

9 Rytand, D , and Cok, A J Clinical Pathological 
Conference, Stanford M Bull 2 86, 1944 

10 Aalsmeer, W C, and Wenckebach, K F Herz 
und ICreislauf bei der Beriberi-Krankheit, Wien Arch 
f inn Med 16 193, 1929 

11 Newcomb, C Water Content of Heart Muscle 
in Beriben Columbarum, Indian J M Research 17 721, 
1930 

12 McCarrison, R Pathogenesis of Deficiency Dis- 
ease, Indian J M Research 6 275, 1919 
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causation In one review on the subject 13 as 
many as twenty-two diffeient theories were ad- 
vanced to account for it In tune the weight of 
evidence has come to favor those who hold to the 
nutritional causation Even if one accepts this, 
however, it is necessary to demonstrate the exact 
nature of the deficiency A diet composed chiefly 
of polished rice or the poor diet of the person 
with clnomc alcoholism is lacking in many 
dietaiy essentials Ceitamly the piotein and the 
\ itamin content of such diets aie low Many 
writers have attributed the edema to protein defi- 
ciency With the recognition of vitamin B and 
later of a theimolabile fi action, vitamin B 15 the 
manifestations of beubeu came to be attnbuted 
to lack of this dietary essential As the multi- 
plicity of the vitamins of the B complex has come 
to be lecognized, it has become appaient that 
beriberi is a multiple nututional deficiency I 
have offered evidence that the nerve degeneration 
which may occur m this condition may not he 
due to lack of thiamine 14 My lemarks heie will 
be confined, however, to the caidiac aspects of 
bei iberi 

Weiss , 7 as well as a number of othei wnteis, 
has described the rapid unpiovement occuinng 
in cases of wet bei iberi when thiamine is given 
to the patients This, it is claimed, is much more 
diamatic than the changes which follow simple 
rest in bed 01 lest supplemented by treatment 
with digitalis and meicurial diuietics 

The etiologic role of thiamine m relation to the 
wet form of beriberi would be more convincing, 
however, if it weie supported bjr expeiimental 
evidence Experiments on human beings aie 
naturally few In those carried out by Williams 
and his co-workers 15 neither acute, severe de- 
privation nor moderate, prolonged deprivation of 
thiamine produced the classic syndrome of ben- 
beri Minor electrocardiographic changes were 
obseived m a few of the subjects, low blood 
piessuie and vasomotor instability were noted in 
all Obviously the extent to which a deliberately 
pioduced deficiency can be earned m human 

13 Vaughan, V C Beriberi, in Vaughan, H F , and 
Palmer, G T Epidemiology and Public Health, 
St Louis, C V Mosby Company, 1922, vol 2, p 65 

14 Wintrobe, M M , Folks, R H, Jr , Humphreys, 
S , Stem, H J , and Lauritsen, M Absence of Nerve 
Degeneration in Chronic Thiamine Deficiency m Pigs, 
J Nutrition 28 283, 1944 

15 Williams, R D , Mason, H L , Smith, B F , and 
Wilder, R M Induced Thiamine (Vitamin Bi) De- 
ficiency and the Thiamine Requirement of Man Further 
Observations, Arch Int Med 69 721 (May) 1942 
Williams, R D , Mason, H L , Power, M H , and 
Wilder, R M Induced Thiamine (Vitamin Bj) De- 
ficiency m Man Relation of Depletion of Thiamine to 
Development of Biochemical Defect and of Polvneurop- 
athj, ibid 71 38 (Jan ) 1943 
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beings is limited One limitation may be produc- 
tion of thiamine by bacteria growing m the intes- 
tines and absorption of the vitamin from the 
bowel, as the studies of Najjar and Holt 16 
suggest 

EXPERIMENTAL THIAMINE DEFICIENCY 
IN ANIMALS 

Cui lent views as to the effects of thiamine 
deficiency m animals are based chiefly on studies 
in which animals were fed yeast which had been 
autoclaved oi was otherwise treated with the 
object of destioymg thiamine Such experiments 
depended on the concept that vitamin B consists 
of only two parts, the .thermolabile and the 
theimostable, and that by autoclaving the first of 
these is destroyed When thiamine was dis- 
coveied. it was assumed that it was the thermo- 
labile B vitamin It is now well known that the 
vitamin B complex consists of ten or more differ- 
ent factors Theie is some evidence that m auto- 
claving yeast more than thiamine is destroyed 11 
It does not follow, theiefore, that symptoms and 
signs developing m animals fed autoclaved yeast 
aie necessanly due to lack of thiamine 

My own studies m thiamine deficiency were 
not attempted until most of the newer B complex 
vitamins ueie available in ciystallme form and 
until I had shown that excellent growth and 
development take place in swine when they are 
given a basal diet consisting of casein, sugar, 
lard and minerals, supplemented with eight 
ciystallme B vitamins and cod liver oil 17 By 
failing to give one of the B vitamins or by giving 
only subnnnimal amounts, it has been possible to 
produce deficiencj'- of thiamine or of riboflavin oi 
nicotinic acid oi pyndoxme or pantothenic acid 
The effects of deficiencies of these vitamins m 
swine have been described m papers from this 
laboiatory It has been possible to demonstrate 
well defined cardiac changes in pigs given inade- 
quate amounts of thiamine 18 

The outstanding symptoms of acute thiamine 
deficiency in pigs have been failure of appetite, 

16 Najjar, V A, and Holt, L E , Jr Biosynthesis 
of Thiamine in Man and Its Implications in Human 
Nutrition, J A M A 123 683 (Nov 13) 1943 

17 Wintrobe, M M , Miller, M H , Folks, R H , Jr , , 
Stein, H J , Mushatt, C , and Humphreys, S Sensory 
Neuron Degeneration m Pigs, J Nutrition 24 345, 1942 > 

18 (a) Wintrobe, M M , Stem, H J , Miller, M 
H , Follis, R H , Jr , Najjar, V A, and Humphreys, 

S A Study of Thiamine Deficiency in Pigs, Bull , 
Johns Hopkins Hosp 71 141, 1942 ( b ) Follis, R H , 1 
Jr , Miller, M H , Wintrobe, M M , and Stein, H* i 
J Development of Myocardial Necrosis and Absence r 
of Nerve Degeneration in Thiamine Deficiency in Pigs, f 
Am J Path 19 341, 1943 Wintrobe, M M , Alcayaga, 
R , Humphreys, S , and Follis, R H , Jr Electrocar dio- o 
graphic (Changes Associated with Thiamine Deficiency ° 
in Pigs, Bull Johns Hopkins Hosp 73 169, 1943 ' r 
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vomiting and sudden death Poor growth was 
a less striking sign A more or less chronic 
deficiency was produced in a number of animals 
by giving submimmal amounts In such animals 
I observed weakness shortness of breath and 
cyanosis When m this state, the animals were 
reluctant to walk about, although obviously there 
w as no paralysis Examination of 1 such animal 
levealed the heart beat to be at a rate of 110 per 
minute, which is somewhat slow for a pig, but 
the sounds were of good quality, and no mur- 
murs were heard No rales were found m the 
lungs This animal became cyanotic and stag- 
gered, fell, struggled stuporously to its feet, fell 
again on its side and lost consciousness Just 
prior to death several convulsive movements 
were observed 

Another animal in a similar condition after a 
partial thiamine deficiency of two hundred and 
forty-six days’ duration was reluctant to move 
about, and soon after he was exercised dyspnea 
became evident and audible Some cyanosis was 
noted, and in time this became pronounced It 
was especially noticeable in the ears, the snout 
and the lips As time went on, it became more 
and more difficult for the animal to move about, 
and finally, after about forty-five minutes, it 
collapsed after a brief series of jerky movements 
in the hind quarteis When the animal recovered, 
it was exercised again Exercise was followed 
again by collapse Convulsive movements and 
finally death occurred one hour after exercise had 
been started Cyanosis and dyspnea had become 
extreme by this time 

Animals fed inadequate amounts of thiamine 
have been studied carefully with the aid of 
electrocardiographic apparatus Studies of the 
electrocardiogram of normal pigs show' the heart 
rate to range between 130 and 150 beats per 
minute, although it may occasionally be as low as 
100 and rarely as rapid as 160 The rhythm m 
my animals was smuauncular with slight or 
moderate sinus arrhythmia Normal electro- 
cardiograms or a moderate tendency to left axis 
deviation was observed, and only once was a 
right axis deviation recorded The PR interval 
ranged between six hundredths and twelve hun- 
dredths of a second The P waves as measured 
• m lead II were usually four hundredths to six 
hundredths of a second in duration and 1 to 
2 2 mm m voltage The duration of the QRS 
interval was four hundredths to six hundredths 
: of a second, rarely eight hundredths The 
l ( T waves varied considerably In general the 
T w*a\e in lead I w r as more often inverted than 
f upright, whereas in the other leads the T wave 
| was usually upright 


In thiamine-deficient pigs two outstanding 
abnormalities were noted namely, bradycardia 
and prolonged conduction time or even dropping 
of QRS complexes 

It has been claimed that bradycardia lesults 
from inanition rather than from the lack of 
thiamine specifically We have compared the 
heart rates of thiamine-deficient pigs with those 
of animals deficient in other B vitamins In 
such animals, the impairment of growth w r as in 
many instances much greater than m the 
thiamine-deficient pigs We have also made 
observations on animals given diets that were 
normal but greatly restricted m amount In 
these animals some slowing of the heart rate w as 
observed, but, except in 1 animal subjected to 
severe dietary restriction, the bradycardia was 
never as pronounced as in a number of thiamme- 
deficient pigs 

It is noteworthy that bradycardia was not con- 
stant in the thiamine-deficient pigs Tachycardia 
occurred when they became excited, after the 
injection of atropine and when acute cardiac 
failure developed in association with thiamine 
deficiency 

Prolongation of auricular-ventricular conduc- 
tion time w'as observed m a number of animals 
In some there was only first degree auricular- 
ventricular block, w'lth PR intervals ranging 
from thirteen hundredths to tw'enty-eight hun- 
dredths of a second In other animals the ven- 
tricular complex was dropped (second degree 
auricular-ventricular block) The combination 
of bradycardia and dropping of QRS complexes 
sometimes caused extreme prolongation of the 
PR interval, even to two and sixty-eight hun- 
dredths seconds For this animal, nine day's 
later the record suggested auricular fibrillation 
This reverted to a normal rhythm wuthout treat- 
ment 

Other abnormalities occurred less frequently 
In several animals the P waves, especially the 
P w'ave in lead II, became abnormally high and 
broad and sometimes were notched Occasionally 
slight widening of the QRS complex was ob- 
served, and m a few animals there was a definite 
shift of the axis to the left In 1 such animal 
nodal premature beats were observed The nor- 
mal variations m T waves make it difficult to 
evaluate changes in T waves m thiamine-deficient 
pigs The most constant abnormalities appeared 
to be inversion of the T wave in lead IV 

The observations of my colleagues and me ha\ e 
indicated that the electrocardiographic changes 
observed in the hearts of these animals were in- 
fluenced by the degree of thiamine deficiency 
With severe deficiency m 1 animal, for example, 
bradycardia developed as well as complete block 
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with ectopic ventricular rhythm Frequent ven- 
tricular extrasystoles arising from multiple foci 
appeared These abnormalities disappeaied aftei 
administration of thiamine 

The injection of atropine sulfate into thiamine- 
deficient animals caused an increase m heart 1 ate 
and improvement in auricular- ventricular con- 
duction with leappearance of regular QRS 
complexes 

Pathologic changes m pigs dying in a state 
of cardiac failure have been distinct In some of 
the animals the hearts appeared to be larger than 
they should have been for the size of the animal 
This enlargement seemed to be due both to dila- 
tation and to hypertrophy In a few a small 
amount of serous fluid was found m the peri- 
cardial cavity In certain animals pulmonary 
edema and pleural and peritoneal effusions were 
found as well Microscopic examination revealed 
foci of necrosis in the auricular and ventricular 
musculature as well as in the cardiac septum s 
The lesions consisted of focal or diffuse necrosis 
of myocardial fibers Such areas ivere infiltrated 
by leukocytes 

In animals dying soon after deprivation of 
thiamine, lesions were found m the auricles and 
not m the ventricles In animals dying aftei 
longer periods of deficiency, lesions were ob- 
served in the ventricles as well as in the auricles 
In no instances were pathologic changes found in 
the ventricles when they were lacking in the 
auricles 

In 2 animals in which episodes of thiamine 
deficiency had been observed at intervals during 
the course of the experiments, stains for con- 
nective tissue revealed scars indicative of former 
necrosis of the myocardium It is noteworthy, 
however, that such scars were not always found 
m pigs which had survived through previous 
episodes of severe deficiency It seems, there- 
fore, that, while scars marking the sites of previ- 
ous myocardial necroses may be found in some 
animals, the lack of such scars does not neces- 
sarily indicate that thiamine deficiency has not 
been present 

It might be pointed out here that the vagus 
nerves in these thiamine-deficient animals were 
normal At one time it was suggested that the 
cardiac manifestations of beriberi are due to 
degeneration of the vagus nerves 

COMMENT 

These studies of thiamine deficiency in pigs 
show conclusively, I believe, that a lack of thi- 
, ® mine produces serious effects on the heart It 
does not necessarily follow that the same effects 
are produced in human beings There is much 
cm ence that striking differences exist in regard 
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to vitamin requirements for different species and 
even m regard to the type of abnormality pro- 
duced in different species of animals by a defi- 
ciency of the same vitamin 

The clinical observations in beriberi, however, 
would make it seem likely that much of what has 
been observed m thiamine-deficient pigs with 
reference to the heart is applicable to human 
beings Certainly in fatal cases of cardiac failure 
in which thiamine deficiency is suspected, care- 
ful examination of the musculature of the heart, 
particularly of the auricles, should be made It 
should be pointed out that it is to be expected 
that in some instances of beriberi no lesions will 
be found Judging by what is known of the 
function of thiamine, it is to be expected that a 
metabolic disorder of the myocardium may occur 
and may lead to dysfunction and that death may 
ensue before recognizable lesions have developed 

The evidence at hand suggests that thiamine 
deficiency impairs the function of the heart by 
1 educing the energy available from the normal 
processes of carbohydrate metabolism in which 
thiamine plays a role Bradycardia is associated 
with the altered metabolic conditions of thiamine 
deficiency Tachycardia is probably the expres- 
sion of a decompensated heart and also, perhaps, 
the consequence of vasodilatation and reduced 
peripheral resistance Finally serous effusions 
develop, and all the signs of cardiac failure 
appear The evidence at hand also suggests that 
m thiamine deficiency vagal overaction is present 

The lesions we have found in thiamine-deficient 
pigs are unlike those that have been described 
as occurring in the beriberi heart They suggest 
instead the types of cases which have been classi- 
fied as isolated myocarditis, or Fiedler’s myo- 
carditis It is interesting to speculate whether m 
some instances these may have been examples of 
thiamine deficiency 

There is no agreement regarding the fre- 
quency with which heart failure due to thiamine 
deficiency may be encountered m the United 
States Whereas Weiss observed many cases, 
others in Boston have recognized few Besides 
the cases of acute failure, examples of chronic 
failure due to thiamine deficiency m which irre- 
versible changes have occurred were reported 
from San Francisco I have seen no convincing 
cases of the latter type and have recognized no 
more than 1 or 2 of the former The recognition 
m human beings of cardiac failure resulting from 
thiamine deficiency would be greatly simplified if 
laboratory methods were available which could 
be relied on as indicative of such deficiency 
Many workers, including me, have sought to 
attain this object, without the desired success 
In my animals, thiamine excretion and thiamine 



346 


ARCHIVES OF INTERNAL MEDICINE 


tolerance tests have been employed, the content 
of pyruvic acid in the blood has been measured, 
and pyruvic acid tolerance tests have been carried 
out 18a There are difficulties as yet, however, 
in the application of these procedures to the diag- 
nosis of thiamine deficiency in human beings 

SUMMARY 

A number of reports concerning the cardio- 
vascular manifestations of benben were studied, 


and the experimental evidence for the assump- 
tion that thiamine deficiency leads to impairment 
of cardiac function was assembled In particular, 
lecent studies of thiamine deficiency m pigs were 
considered In these animals thiamine deficiency 
leads to piofound changes in cardiac function 
and produces well defined anatomic lesions 
Furthei investigation is required to demonstrate 
the lole of thiamine in respect to the heart m 
human beings 
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Of the malignant tumois occurring in the male, 
chononepithehoma is considered to be lare 
Some 200 cases have been recoided thus far m 
the entire hteiatuie Its mode of origin is still 
uncertain, and many theories have been advanced 
to explain its presence in the male These 
theories have recently been reviewed m a critical 
survey by Mathieu and Robertson 1 Most 
authors accept the hypothesis advanced by 
Schlagenhaufer, 2 that chononepithehoma arises 
in a teratoma in which some structure having 
the morphologic value of an included ovum had 
differentiated into trophoblastic epithelium 
Theoretically, teratomas may occur anywhere m 
the body, and they have been described in such 
areas as the mediastinum, the abdomen, the jaw 
and the sacrum If chorionepitheliomas are to 
be considered as developing from teratomas, they 
need not always arise m the testes, although 
the tumors usually are found m these organs 
The existence in the male of chononepithehoma 
primary in structures other than the testes has 
been doubted by such an authority as Prym 3 
However, at least 5 such instances of extragemtal 
oi lgin have been reported m the literature up to 
1945 4 Others have reported cases in which the 
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tous Chononepithehoma in Female and Male Critical 
Study of Literature for Years 1935, 1936, 1937 , Report 
of Two Cases in Male, Internat Abstr Surg 61 158- 
175, 1939, in Surg, Gynec & Obst , August 1939 

2 Schlagenhaufer, F Ueber das Vorkommen 
chorionepithehom- und traubenmolenartiger Wucher- 
ungen in Teratomen, Wien klin Wchnschr 15 571-580, 
1902 

3 Prym, P Zur Frage der extragemtalen Chorion- 
epithehoma beim Manne, Centralbl f allg Path u 
path Anat 19 '98-101 (Aug) 1930 

4 Erdmann, J F , Brown, H A , and Shaw, H W 
Chononepithehoma m Male of Extragemtal Origin, 
Urol & Cutan Rev 15 1-6 (Jan ) 1941 Fenster, E 
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tumor was consideied to be extragemtal m 
origin but m which gioss oi microscopic exami- 
nation of the testes was inadequate to exclude 
the possibility of a primary growth m these 
oigans 5 Only examination by means of serial 
section of the testes will eliminate the possibility 
that a primary giowth in a testis was overlooked 

The following case is reported as further evi- 
dence of the existence of extiagenital chorion- 
epithelioma in the male 

E C , a white man aged 30, was first admitted to 
Grace Hospital ward medical service on June 6, 1944 
His chief complaints were pain in the left lumbar region 
of four months’ duration and hemoptysis of two weeks” 
duration 
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The patient had been in good health until one year 
prior to his admission, when he first noted slight swell- 
ing of the breasts lasting about one week and then 
subsiding spontaneously Six months before his entry 
into the hospital, he experienced a dragging sensation 
in the left testis, at which time examination by his 
family physician disclosed a varicocele, for which a 
suspensory was prescribed Persistent aching pain in 
the left lumbar region developed about four months 
before his admission to the hospital Over this period 
there was a progressive loss of weight of 18 pounds 
(8 2 Kg ) Two weeks prior to his entry a cough pro- 
ductive of blood-streaked sputum developed At this 
time he also noted enlargement and tenderness of both 
breasts 

Physical examination revealed a pale, well developed, 
somewhat emaciated white man weighing 136 pounds 
(62 S Kg ) Both breasts were enlarged and tender, 
with prominent areolas and Montgomery follicles No 


increase in polymorphonuclear neutrophils The reaction 
to the cephalm-cholesterol flocculation test was 2 plus 
Wassermann and Kahn reactions of the blood were 
negative Examination of the sputum revealed the pres- 
ence of blood and a mixed flora of gram-positive and 
gram-negative cocci and bacilli , no tubercle bacilli were 
found The reaction to the Friedman test of the blood 
and of the spinal fluid for presence of gonadotropic 
hormone was strongly positive 

Roentgenographic examination revealed the presence 
of several large rounded and well defined opaque masses 
m both pulmonary fields Examination by intravenous 
pyelography demonstrated displacement of the left kid- 
ney laterally and forward by a large mass in the pre- 
aortic area The series of gastrointestinal roentgeno- 
grams revealed displacement of the stomach downward, 
forward and laterally by a mass in the prevertebral 
area The transverse colon and the splenic flexure were 
also displaced downward 


Fig 1 — Chorionepithelioma, group of tumor cells in blood vessel of intestinal wall, (X 35) 



colostrum could be expressed Several small nontender 
ljmph nodes were present in both axillas The blood 
pressure was 116 systolic and 60 diastolic The abdo- 
men vas not distended, but definite tenderness was 
elicited in the left upper quadrant, where a large irreg- 
ular firm mass was palpable This mass extended to 
3 fingerbreadths below the border of the ribs It was 
immovable and seemed fixed to the posterior abdominal 
wall No friction rub could be heard in this area The 
liver and kidneys were not felt Moderate tenderness 
was present in the left lumbar region There was defi- 
nite scoliosis of the vertebral column, with convexity 
directed tow’ard the left The right testis and epididymis 
w ere normal except for decreased sensitivity to pressure 
1 he left testis w r as smaller and much softer than the 
right, but no nodules were palpated 
Unnalvsis done at the time of the patient’s admission 
to the hospital rev ealed a trace of albumin The erythro- 
' c ' tc count was 4,390,000 per cubic millimeter and the 
, leukocvte count 11,800 per cubic millimeter, with a slight 


Because of the clinical and roentgenologic findings, 
a presumptive diagnosis of chorionepithelioma, probably 
primary m the left testis with metastases to the pre- 
aortic lymph nodes and lungs, was made The left testis 
was removed through an inguinal incision Serial sec- 
tions of the testis were made m an effort to find the 
primary lesion Gross examination revealed a very^small 
hemorrhagic area, about 0 80 cm in diameter, in the 
lower pole of the testis Sections through this area, 
however, showed no tumor growth, revealing merely 
fibrous tissue and a few pigment-containing cells The 
cells lining the spermatic tubules were vacuolated 
There was no evidence of spermatogenesis In sections 
from different parts of the testis, clusters of polyhedral 
cells were found which were considered to be groups 
of interstitial cells The sections were sent to Dr 
Shields Warren, of Boston, who confirmed these obser- 
vations and who wrote suggesting that they represented 
atrophy as a result of the output of female sex hormone 
In view of the hormonal evidence and the distribution 
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of metastases, he concluded that the lesion was chorion- 
epithelioma, probably extragenital in origin but, how- 
ever, developing from germinal epithelium originating 
in the urogenital ridge 

The patient was discharged to Ins home on July /, 
1944 and during the next five months was given inten- 
sive roentgen ray therapy in the department of radiology 
of Grace Hospital Despite the fact that serial roent- 
genograms of the chest showed a definite decrease in 
the size of the pulmonary metastatic nodules and 
although the cough was less distressing, the patient 
became worse, requiring opiates for relief of the pain 
in the left lumbar region Follow-up examinations m 
the tumor clinic during the course of the roentgen ray 
therapy revealed some decrease in the size of the mass 
m the left upper quadrant Two weeks of occipital 
headaches accompanied with amblyopia culminated in 
an episode of sudden loss of consciousness This was 
followed by complete amaurosis for a period of five 


progressively weaker and died on the tenth day in the 
hospital 

Autopsy showed the following details 

Gross Examination — The body showed considerable 
emaciation Both breasts were moderately enlarged 
No fluid was found within the peritoneal cavity The 
stomach and small bowel occupied their usual sites 
and on gross examination revealed no lesions An 
irregular nodular mass, measuring 11 by 7 by 5 cm 
was observed to he anteromedial to the left kidney and 
below the left adrenal gland at the level of the second 
and third lumbar vertebrae The mass was adherent 
to the periosteum of the vertebral bodies but did not 
involve the compact bone It was distinctly separate 
from the kidney and adrenal gland and did not infil- 
trate these organs Anteriorly it was covered with 
peritoneal reflections, and when these were divided the 
tumor mass could be dissected free and removed On 


* 



Fig 2 — Same as figure 1 (high power, x 325) 


minutes and led to his leadmission to the hospital on 
November 1, five months after his first admission 
His weight at that time was 114 pounds (52 5 Kg ), 
a fuither loss of 22 pounds (10 Kg) Physical •exam- 
ination revealed a cachectic man, dyspneic and some- 
what confused The left pupil was larger than the 
right but reacted well to light The fundi and visual 
fields were normal Both breasts were enlarged, the 
right more than the left The previously described 
mass in the left upper abdominal quadrant was 
unchanged The left testis was absent The right 
testis seemed smaller and softer than normal, but no 
nodules were felt The erythrocyte count was 2,800,000 
per cubic millimeter and the leukocyte count 9,500 per 
cubic millimeter, with 88 polymorphonuclear neu- 
trophils The reaction to the cephahn-cholesterol 
flocculation test was 1 plus The result of the sulfo- 
bromophthalem sodium test for hepatic function was 
noimal Reaction to the Friedman test of the urine 
lor gonadotropic hormone again was highh positive 
The patient complained of severe cough, djspnea and 
lumbar pain and required heavj sedation - He became 


cut section dense strands of pale red fibrous tissue 
surrounding small cystlike spaces and small areas of 
necrosis were seen to make up the entue structure 

The kidneys together weighed 295 Gm When the ' 
capsule was stripped from the cortex of the right 
kidney, a few small dark lesions were seen which on > 
section had the appearance of a metastatic tumor The 
left kidney showed no tumor nodules The renal 
vessels were free of tumor growth On cross section, 
the adrenals showed no abnormalities The prostate 
was not enlarged The left testis was absent The' 
right testis was small, and on multiple cross section no 1 
nodules were encountered There was no enlargement 
of the mesenteric, paraihac or inguinal nodes 

The large bowel contained much dark soft material, 
suggestive of old blood An irregular dark polypoid 
mass, about 2 cm in diameter, was seen arising from 
the mucosa of the large bowel at the first part of the ! 
descending colon There was no surrounding area ofi ! 
infiltration or necrosis 

The liver weighed 1,340 Gm On cut section, no 
gross evidence of malignant infiltration was seen The 
spleen weighed 80 Gm and appeared normal 
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Fig 3 — Chononepithehoma, section of small nodule attached to pleura (X 375) 


Fig 



4 — Section of testicle, exhibiting tubular atrophy and prominence of interstitial cells (X 300) 


About 150 cc of pink-tinged fluid was found m the 
left pleural cawtj The right pleural cavitj was for 
the most part obliterated by fibrous adhesions The 
right lung weighed 1,120 Gm , and the left lung weighed 
1 100 Gm Both lungs were extensively infiltrated 
^ ith tumor masses of \ar\ing sizes up to 5 cm in 
| diameter On cross section, these masses were seen 


to be variegated m nature and irregular in shape 
Some of the tumor masses were firm, homogeneous 
and yellow, others had a mulberry-like appearance 
and were filled with soft cystic spaces containing dark 
hemorrhagic material Many of the tumor nodules 
formed hemispherical masses above the visceral pleural 
surface and in a few areas invaded the pleura and 
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overlying ribs The diaphragmatic surface of the right 
lung was covered with a thick white exudate, which 
was adherent to the diaphragm The remaining pul- 
monary fields showed dense congestion and edema as 
well as small areas of atelectasis The trachea and 
bronchi were free of exudate and obstructing masses 
The mediastinal lymph nodes were not enlarged and 
had the appearance of normal lymphoid tissue The 
heart weighed 270 Gm and presented no abnormalities 

The brain appeared somewhat edematous, and the 
convolutions were slightly flattened The meninges 
were free of exudate A firm dark red cystic tumor 
mass was seen to occupy the posterior pole of the right 
occipital cortex This mass measured about 3 cm in its 
greatest diameter Multiple transverse sections of the 
brain showed no other metastatic lesions 

Microscopic Examination — The retroperitoneal tu- 
mor was found to be so completely necrotic that no 
classification of it could be made This necrosis may 
have resulted from the large amount of radiation to 
which the patient was subjected 

The structure of the tumor, however, was well seen 
in sections made of the nodules found m the large bowel, 
the parietal pleura, the lung, the brain and the kidneys 
There were much hemorrhage and necrosis in the 
tumors in all these locations The tumor cells varied 
considerably in size and shape Most of these were 
large and pale, with large round or oval nuclei These 
cells resembled the Langhans cell seen in placental 
tissue Scattered among the Langhans cells were groups 
of syncytial cells with indefinite outline containing small 
hyperchromatic nuclei In the section of the tumor 
removed from the descending colon, clusters of such 
cells were seen m the lumen of a dilated blood vessel 
Sections of the lungs from portions apparently not in- 
volved in the tumor growth showed them to be some- 
what more fibrous than normal and infiltrated with 
great numbers of small round cells and plasma cells, 
indicating a chronic inflammatory process, probably the 
result of the extensive roentgen ray therapy No tumor 
growth was found in the liver, spleen, adrenal glands, 
or prostate 

Multiple sections of the right testis failed to reveal 
any tumor tissue No spermatogenesis was present 
There v-as moderate hyperplasia of the interstitial cells, 


similar to that observed in the left testis removed at 
operation 

Pathologic Diagnosis — The lesions were diagnosed as 
chorionepitheliomas with their primary site probably in 
the retroperitoneal mass in the region of the left kidney 
and with metastases to the lungs, pleura, ribs, kidney, 
brain and large bowel 

SUMMARY 

A case of extragenital chononepithelioma 
occumng in a man was encountered 

The clinical picture the patient presented, that 
of gynecomastia, pain in the lumbar region, 
hemoptysis, loss of weight and rapid downhill 
couise, is characteristic of tumors of embiyonal 
urogenital origin which have widely metastasized 
The production by the tumor of large amounts 
of gonadotropic hormone was demonstrated by 
the highly positive reaction to the Fuedman test 
with both urine and spinal fluid The enlarge- 
ment of the breasts, the absence of spermato- 
genesis and the interstitial hyperplasia noted m 
the testis are considered to have been produced 
by the excessive amounts of this hormone 
Intensive roentgen ray therapy over a period 
of five months did not alter the outcome, although 
it did produce some symptomatic relief and some 
decrease in the size of the pulmonary metastases 
Careful histologic examination of both testes 
-revealed no tumor growth The large retro- 
peritoneal mass demonstrated at autopsy in the 
region of the left kidney was believed to represent 
the primary site of the chononepithelioma 
Sections of several of the metastatic nodules 
revealed the presence of Langhans and syncytial 
cells typical of chorionic tissue 

The location of the primary growth suggests 
its derivation from germinal epithelium in the 
region of the primitive urogenital anlage 
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The development of an adequate technic for 
determining plasma qmnacrine concentrations 1 * * 
has facilitated the investigation of several im- 
portant phases of therapy for soldiers evacuated 
from the South Pacific with chronic relapsing 
Plasmodium vivax malaria The concentrations 
of qumacime in plasma attained at selected in- 
tervals as the result of oral administration of 
known amounts of the drug have been deter- 
mined foi specific dosages Deteimmations 
were made on 6,733 specimens from 291 patients 
during and after treatment for four hundred and 
twelve attacks of malaria at Harmon General 
Hospital 

METHODS 

The method of Brodie and Udenfnend 1 was employed 
in the determination of the concentration of quinacrine 
in plasma Plasma was used instead of whole blood 
because these investigators stated that variations m 
\alues in whole blood quinacrine concentrations are 
often reflections of changes in the number of leuko- 
cytes, since they contain a concentration several hun- 
dred times that of plasma Shortly after the 20 to 25 
cc specimens of oxalated blood were drawn, they were 
centrifuged at 1,500 rotations per minute for one hour 
The plasma was then drawn off carefully so as to 
minimize contamination with Yvhite cells Most of the 
determinations v'ere made not immediately but as time 
permitted since it v r as showm that no demonstrable 
changes in concentration of quinacrine resulted when 
plasma v'as refrigerated for as long as seven days or 
kept in the frozen state for as long as four months 
In the method used quinacrine is determined by mea- 
suring its fluorescence in an acid medium Ethylene 
dichloride is used to extract quinacrine as the free base 
from alkaline plasma The quinacrine base is then 
> extracted from the ethylene dichloride into lactic acid 

1 Brodie, B B and Udenfnend, S The Estimation 

of Atabrine in Biological Fluid and Tissues, J Biol 

Chem 151 299-317 (No\ ) 1943 


The intensity of the fluoresci nee which is produced m 
this acid phase by ultraviolet rays of the proper waYe- 
length is compared with that produced by a known 
amount of quinacrine The measurements are made 
with the model 12 Coleman Electronic Photofluor- 
ometer, the B2 filter being used for the exciting light 
and the PC9 filter for the ehutted light 

Small amounts of fluorescing quinacrine degradation 
products which are present in the plasma of patients 
undergoing therapy may accompany the quinacrine in 
this extraction procedure Brodie and Udenfnend sug- 
gested the removal of these degradation products for 
precise work by washing the ethylene dichloride extract 
with 10 per cent sodium hydroxide solution This 
alkaline wash was not used for our routine determina- 
tions 

Procedure — 1 Ten cubic centimeters of plasma and 
3 cc of phosphate buffer at /> h 8 were extracted with 
30 cc of ethylene dichloride 

2 A 20 cc portion of the ethylene dichloride layer 
u'as extracted with 1 cc of water and 10 cc of lactic 
acid U S P XII (Mallmckrodt) 

3 Standards and blanks W'ere prepared in duplicate 
by additions of 1 cc portions of quinacrine solutions of 
known concentrations to 10 cc portions of lactic acid, 
each being shaken with 20 cc of ethylene dichloride 

4 The intensity of fluorescence produced in the lactic 
acid phase of the plasma extract was compared with 
that of the standards, and the concentration in micro- 
grams of quinacrine base per liter of plasma was calcu- 
lated One gram of quinacrine dihydrochloride dihydrate 
is equivalent to 0 78 Gm of quinacrine base The results 
presented in all tables and figures are reported as quina- 
crine base 

Reliability of the Method — The precision of 
the results obtained by the method employed 
may be gaged by the data presented m table 1 
An average blank value corresponding to 3 
micrograms of quinacrine pei liter of plasma 
was obtained The blanks w 7 ere not subtracted 
from the values obtained When know n amounts 
of quinacnne were added to 5 oi 10 cc poi- 
352 
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turns ot plasma, the proportions recovered were 
usually approximately 96 per cent, although on 
an occasional day all results were either slightly 
high or slightly low The average recoveries, 
the ranges of values and individual results ob- 
tained m two consecutive series of such recov- 
ery experiments are shown m table 1 

Table 1 —Recoveries of Quinact me Added to Plasma 


A umber of 
Tests 

Micrograms 
Quinacrine 
Added to 5 or 
10 Ce Plasma 

Average 

Recovery 

Range 

49 

0 

3 micrograms 
per liter 

0 to 4 micrograms 
per liter 

1G 

0 25 

90% 

8S to 100% 

30 

0 50 

9G% 

80 to 110% 

49 

100 

90% 

82 to 104% 


Results Obtained in Two Consecutive Series of 
Determinations 

Micrograms of Micrograms of Quinacrine Recovered 

Quinacrine , — A ' 

Added to 5 Ce Series 1 Series 2 

Plasma , * ■, r — K ' 


RESULTS 

Fasting Plasma Concenti ations (Groups I, II 
and III) —The 104 patients studied included 
54 patients of group I and 50 patients of groups 
II and III The concentration of quinacrine in 
plasma obtained befoie breakfast was determined 
for all these patients foi eight days while under- 
going similar theiapy Thereafter the fasting 
levels were detei mined for only the 54 patients 
of gioup I on the ninth and tenth days, every 
other day for ten more days and again on the 
twenty-eighth day 

The average fasting plasma quinacrine con- 
centrations obtained on each full day of treat- 
ment of the 104 patients as well as the average 
values for each treatment group are shown in 
table 2 It can be seen that with the excep- 
tion of those obtained on the morning of the 
first day of treatment the fasting values were 
but little affected by the variation of the houi 
at which treatment had been instituted because 


0 

0 

0 

0 01 


0 02 

0 02 

0 015 


0 25 

0 22 

0 23 

0 24 

0 24 

0 24 

0 20 

0 20 

0 24 

0 50 

0 48 

0 48 

0 47 

0 48 

0 51 

0 50 

0 50 


1 00 

1 CO 

0 98 

0 9S 

0 98 

1 00 

1 00 

0 98 

0 90 


TREATMENT 

The patients in this study all received quinacrine 
dihydrochloride dihydrate (hereafter referred to under 
treatment as quinacrine hydrochloride) and were 
divided into four groups Treatment for patients m 
groups I, II, and III was begun at the first regular 
time for drug administration, that is, at meal time or at 
midnight, after their admission to the ward with an 
attack of malaria, which was arbitrarily defined as 
temperature over 100 F and a smear positive for Plas- 
modia The approximate times of the meals were 7 30 
am, 11 30 am and 5pm 

Group I — Standard treatment Quinacrine hydro- 
chloride, 0 2 Gm , was given orally for five doses with 
meals and at midnight, totaling 1 Gm in twenty-four 
hours of treatment This was followed by 0 1 Gm three 
times daily -with meals until a total of 2 8 Gm had 
been given 

Group II — A total of 2 8 Gm of quinacrine hydro- 
chloride was given as in group I, followed by a twenty- 
four hour rest period, then 0 01 Gm of pamaquine 
naphthoate three times daily for three days followed by 
0 1 Gm of quinacrine hydrochloride six days per week 
through the sixtieth day from the initial day of treat- 
ment 

Group III — A total of 2 8 Gm of quinacrine hydro- 
chloride was given as in group I, followed by 0 1 Gm of 
quinacrine hydrochloride six days per week from the 
eighth through the sixtieth day from the initial day of 
treatment 

Group IV — The amount of quinacrine hydrochloride 
gnen by mouth was 0 4 Gm at 9 a m followed by 0 2 
Gm at 4 30 p m and at 1 a m Thereafter 0 2 Gm 
was gnen at 9 a m and at 9 p m for six days The total 
was 3 2 Gm 



DAYS 


Fig 1 — Fasting plasma quinacrine concentrations in 
104 patients for eight days and in 54 patients thereafter 
(2 8 Gm of quinacrine hydrochloride in one week) 
The heavy line indicates average values Fine lines 
indicate 1 standard deviation (includes approximately ‘ 
two thirds of all values) 

) 

the total amounts of drug received by a given 1 
time were practically identical m each case j 
The average values, however, do not neces- j 
sarily represent the values which would be at- 
tained by any given person receiving a similar j 
type of therapy There was much variation j 
between the results obtained on different per-!, 
sons, although most of the curves were charac- j 
tenzed by a rapid rise, a dip and then a slower 
rise until treatment was discontinued The ex- 1 
tent of these variations may be gaged fromj 
chart 1, m which are shown the standard devi-! 
ations from the average values The area be- 
tween the upper and lower curves includes 
approximately two thirds of all values One! 
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per liter , two and four hours after dinner, 6 6 
and 113 nucrograms per liter , and two and 
four hours after supper, 12 and 8 micrograms 
per liter The average daily changes at the 
specified times are shown m chart 2, m which 
these values are superimposed on the average 
fasting curve for the 104 men The average 
patterns on each day are similar, with moder- 
ately elevated values being found early in the 
day and with peak values being found later in 
the day The individual cuives again showed 
considerable n regularity, with an occasional 
postprandial level being slightly below the fast- 
ing level 

Plasma Qumacnne Concentrations m Gioups 
2 and 3 — All specimens from the 215 patients 
in these two groups were obtained at appioxi- 
mately four hours after bieakfast The total 
amount of quinacrine hydrochloride given to 
the patients m group III was approximately 
7 3 Gm , while those in group II received 
0 4 Gm less The average values obtained are 


Table 2 — Average Fasting Plasma Qumacnne Concentrations with Refcience to Dosage 
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54 

12 

65 
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53 
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21 
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49 

27 

56 

28 

33 
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22 

06 

35 

1 1 

53 

1 4 

49 
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20 

44 2 3 

48 

26 

52 

28 

48 

5 00 p m 

54 

04 

21 

10 

50 

13 

48 

16 39 

19 

40 2 2 

42 

25 

44 

28 

47 

12 midnight 

18 

02 

15 

10 

52 

13 

56 
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19 

44 2 2 

45 

25 

51 

28 
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04 

25 

10 

62 

13 

50 

16 41 

1 9 

42 2 2 

44 

25 

48 

28 
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* Micrograms per liter 
t Total drug received by 12 midnight 


' trations fell slowly, so that by four weeks after 
the attack the average value was 8 micrograms 
per liter, with a range of 2 to 21 micrograms 
per liter From the eighth to the ninth day 
. the average concentration decreased by 21 per 
cent, and from then until the eighteenth day the 
'' daily decreases were approximately 10 per cent 
! During the next ten days the levels decreased 
r more slowly 

r Diurnal Vanations oj Plasma Qumacnne 
v Concent) ation in 104 Patients — A simultaneous 
- study of the diurnal variations of the plasma 
" concentrations during the week of treatment was 
-> made by obtaining blood specimens from six 
l groups of approximately 15 patients each at two 
^ or at four hours after administration of the drug 
y at breakfast, dinner and supper respectively in 
^addition to the fasting specimens 

The average rises m values above the mdi- 
lr idual daily fasting lei els on the second through 
> >| the seventh days u ere as follows two and four 
I hours after breakfast, 2 3 and 6 8 micrograms 


shown in chart 3 Again theie were consider- 
able individual differences, as shown by the 
standard deviations After the dosage of the 



Fig 3 — Plasma qumacnne concentrations at 11 am 
of 226 patients who were given 2 8 Gm of qumacnne 
hydrochloride in one week The heavy line indicates 
average values for hours after administration of 0 1 Gm 
Fine lines indicate 1 standard deviation (includes 
approximately two thirds of all values) 


thud of the values weie either above or below 
these limits, and isolated values of as high as 
120 and as low as 5 micrograms per liter were 
obtained during the week of treatment 

After the administration of qumacnne hydro- 
chloride was discontinued, the plasma concen- 



Fig 2 — Diurnal variation of plasma quinacrine con- 
centrations m 104 patients given 2 8 Gm of quinacrine 
hydrochloride 
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drug was reduced, the levels at first dropped 
rather sharply and then gradually leveled off 
to a concentration of approximately 23 micro- 
grams per liter The rates of fall of the con- 

Table 3 —Elevations Above Fasting Levels Fom 
Homs After Admimstt ation of Quinaciine 
Hydrochloude with Bieakfast 


Days 


First 

Second 

Third 

Fourth 

Fifth 

SKth 

Seventh 

Micro 

Micro 

Micro 

Micro 

Micro 

Micro 

Micro 

gram 

gram 

gram 

gram 

gram 

gram 

gram 

per 

per 

per 

per 

per 

per 

per 

Liter 

Liter 

Liter 

Liter 

Liter 

Liter 

Liter 

9 

5 

4 

7 

8 

S 

8 

13 

7 

10 

6 

9 

0 

4 


A = elevation of 11 a m concentrations of 215 patients 
abovo fasting concentrations of 101 patients on the same 
typo of therapy 

B = Elevations of 11 a m concentrations of 15 patients 
above their own fasting values on the same days 

centrations of gioups II and III did not differ 
significantly These daily 11 am levels dur- 
ing the week of active treatment exceeded the 


gradually exceeded the others until by the morn- f j 
mg of the eighth day the two figures were 48 j 
and 63 micrograms per liter 

When the administration of the drug was j 
stopped, the levels decreased approximately 20 j, 
per cent per day for two days and then at a i 
late of approximately 10 per cent per day until 
the eighteenth day, at which time the levels were 
practically identical with those obtained with J 
group 1 at this time (15 micrograms per liter) j ; 

Plasma Qumacnne CencenUations m Succes- j 
stve Attacks — Plasma qumacnne concentrations i 
weie determined in successive attacks in 71 pa- ,f 
tients to obseive whether the levels were similar 
on a lepetition of the same dosage (2 8 Gm jj 
m one week) In some instances curves were j, 
obtained for three successive attacks Many of ! 
the curves obtained in two or even three attacks 
lesembled each othei closely, but there were f 
also instances m which wide differences existed j 
Chait 5 is an example of two successive curves 
foi 1 patient, with both repiesentmg levels con- ' 
siderably higher than the average for group II ' 


Table 4 Average Fasting Plasma Qumacnne Levels of the Gioups Receiving 2 8 Gin and 3 2 Gm Respectively 


i 


Group 

3 2 Gm group 
2 8Gm group 


AttacE 


Drug 
by End 
of Day, 
Gm 

0 

04 


1 

, 

Microgram Drug bj 
per End of 

Litei Day, Gm 

3 OS 

25 10 


Days of Treatment 

K 


Level* Gm f Level* Gm t Level* Gm t Level* Gm t Level* Gm f Level* Gm t Level* 

30 1 2 43 10 40 2 0 49 2 4 51 2 8 01 3 2 63 

51 1 3 51 1 0 42 19 42 2 2 44 2 5 47 2 8 48 


1 


if 


* Level refers to micrograms per liter 
t Grams of drug received by end of day 


average fasting levels of the 104 patients (in 
chart 1) by the amounts shown m table 3 and 
appi oximated the values found for the smaller 
group of 15 patients previously studied at 11 a m 

Plasma Qumacnne Coiicenti ations m Gioup 4 

The specimens of plasma were obtained from 
these patients before the morning doses of drug 
(twelve hours aftei last dose), and, in addi- 
tion, on days 1, 2 and 7 specimens were ob- 
tained at 2 pm (five houis after the morning 
dose) The aveiage concentrations found at 
these times aie shown in chart 4, m which the 
solid line repiesents the “fasting” values and 
the bioken lines connect the three five-hour 
values v ith the piecedmg and the following 
average fasting values The shape of this fast- 
ing cune differs from those of the other gioups 
because the schedules of doses were different 
The levels on the fust three days tended to be 
lowei because less drug had been given, but 
by the fourth day the same amount of drug 
had been leceived by each group and the fast- 
ing concentrations were nearly the same After 
this tune ho\\e\er the values m group IV 
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treatment In contrast is chait 6, showing 
three successive curves for 1 patient m whom 
the levels were consistently below the average 
for group I and II treatment Another variant 
is seen m chart 7, m a patient who broke 
through suppressive treatment with an attack 
of malaria after measles had developed The 



sive attacks (high levels) The continuous line indicates 
the nineteenth attack and the broken line the twentieth 
attack 



sive attacks (low levels) The eighteenth attack was a 

1 breakthrough while the patient was taking 0 1 Gm 
11 j of qumacrine hydrochloride daily Long dashes indicate 
11 ' the sixteenth attack , short dashes, the seventeenth at- 
'f tack, and the continuous line, the eighteenth attack 

e.; 

n | plasma concentration during treatment for this 
v attack was considerably higher than in two 
,c > previous attacks because of the start of treat- 
ment with the level already at 35 micrograms 
_ per liter 

- COMMENT 

ii r 

10 The oral administration of qumacrine hydro- 

2 chloride as outlined for groups I, II and III 

n " as e< f by prompt disappearance of para- 

2_ s'tes from the blood , 90 per cent of the smears 

bn two hundred and thirty-four attacks were 
.^negative within thirty-two to forty-eight hours 
, ur after initiation of treatment There was also 
‘^prompt subsidence of fever, 66 per cent of the 
(patients m three hundred and thirteen attacks 


had noimal temperatures on the second dai aftei 
initiation of treatment and 94 per cent by the 
fifth day Symptoms were readily relieved, and 
by seventy-two hours after the beginning of 
treatment the patients were usually able to leave 
the ward for recreational purposes 

The reliability of the method for determining 
plasma qumacrine concentrations is apparent 
from table 1, m which it is shown that the 
average recovery is 96 per cent when amounts 
as small as 0 25 microgram of qumacrine hydro- 
chloride are added to 5 or 10 cc of plasma 
The values obtained for the concentrations in 
the plasma of patients undergoing therapy are 
probably slightly higher than the actual con- 
centrations because of the inclusion of small 
amounts of fluorescent degradation products of 
qumacrine While the average values for the 
fasting and the postprandial curves gave a rather 



Fig 7 — Plasma qumacrine concentrations m succes- 
sive attacks (breakthrough during measles) Measles 
developed in this patient thirty-five days after comple- 
tion of treatment with qumacrine hydrochloride, 2 8 
Gm , and while he was taking 0 1 Gm of qumacrine 
hydrochloride daily A breakthrough with another at- 
tack of malaria occurred at this time, while the plasma 
qumacrine concentration was 25 micrograms per liter 
Short dashes indicate the seventh attack, long dashes, 
the ninth attack, and the continuous line the tenth attack 

constant pattern, it is to be emphasized that 
there were many individual variations When 
group I treatment was discontinued, the levels 
fell rather slowly, but when this was followed 
by 0 1 Gm of qumacrine hydrochloride six days 
per week the levels fell more slowly and did 
not fall below a concentration of approximately 
23 micrograms per liter At this average con- 
centration there was only an occasional break- 
through with another attack 

The clinical effectiveness of the administra- 
tion of 2 8 Gm of qumacrine hydrochloride m 
one week is obvious, but it may also be true 
that a smaller amount might be effective For 
example, while this dosage gives average fast- 
ing levels from the second to the eighth days 
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of 41 to 52 micrograms per liter, a lower level 
might conceivably be adequate We have had 
no experience with a lower dosage, although 
some of our patients in whom the concentrations 
were lower than the average had satisfactorily 
piompt relief from symptoms 

SUMMARY AND CONCLUSIONS 

The concentration of qumacrme was deter- 
mined m 6,733 specimens of plasma obtained 
from 291 patients both during and after four 
hundred and twelve attacks of P vivax malaria 
of South Pacific origin The standard treat- 
ment was the oral administration of 2 S Gm of 
qumacrme hydrochloride in approximately seven 
days For 33 patients, however, the amount was 
3 2 Gm 

The range of the daily average fasting values 
on the standard 2 8 Gm treatment from the 
second through the eighth day was 41 to 52 
micrograms per liter, while the concentrations 
of specimens taken four hours after the first 
daily dose of drug were 49 to 57 micrograms 
per liter After the administration of the drug 
was discontinued, the levels decreased slowly, so 
that by four weeks after the beginning of treat- 
ment the average fasting concentration was 8 


micrograms per liter Individual curves tie- 
quently differed from the average pattern 

The average plasma concentrations at t\\ o and 
four hours after the administration of 0 1 Gm 
of qumacnne hydrochloride with each meal 
varied from 2 3 to 12 and 6 8 to 113 micro- 
grams per liter above the corresponding fasting 
levels 

During the period of suppressive treatment in 
the patients followed through the sixtieth day 
from the start of treatment (2 8 Gm ), the 
levels dropped slowly to an average concentra- 
tion of 23 micrograms per liter 

The range of the daily average fasting qum- 
acnne hydrochloride concentrations on the 3 2 
Gm treatment from the second through the 
eighth day was 36 to 63 micrograms pei litei 
When treatment was discontinued, the levels 
fell slowly, so that by the eighteenth day after 
treatment was started the average concentiation 
was approximately that attained by the standard 
2 8 Gm group (15 micrograms per liter) 

When a fasting plasma qumacrme concen- 
tration of approximately 45 micrograms per liter 
was attained within twenty-four hours and main- 
tained, the symptoms of the attacks were usually 
abolished within seventy-two to ninety-six hours 
after the start of treatment 
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IRON METABOLISM AND EXPERIMENTAL 
ANEMIA 

Powell 51 detei mined the serum non values 
for a series of 70 normal persons and for patients 
with various types of anemia Mean values of 
143 microgiams pei hundred cubic centimeters 
for men and 117 microgiams for women were 
obtained Evidence was obtained showing that 
the serum iron level falls during the menstrual 
period in normal women The serum iron level 
was geneially low in patients with hypochromic 
anemias, but after the beginning of treatment 
values as high as 400 microgiams per hundred 
cubic centimeteis were found in many cases In 
2 patients a satisfactory hemoglobin lesponse 
to non theiapy was obtained only after simul- 
taneous administration of ascorbic acid The 
authoi is inclined to attribute the benefit derived 
from the use of ascorbic acid to the reduction 
of feme iron and its maintenance in the ferrous 
state dunng its passage into the upper part of 
the small intestine One of the patients studied 
had hipochiomic anemia lefractoiy to iron thei- 
apy ei en when ascorbic acid was added, and the 
low seium lion values persisted thiough the 
penod of tieatment The cause of this failure 
to absoib non was not determined The lowest 
value foi seium iron, 15 micrograms per hundred 
cubic centimeters, was obtained for a patient with 
scur\} High serum iron levels were found in 
patients with aplastic anemia and pernicious 
anemia Aftei the commencement of liver ther- 
ap) for patients with the latter disease, levels 
as Ion as 30 micrograms were found The 
i alues foi serum iron in patients with hemolytic 
anemia were not significantly raised, and it was 
thought that in these circumstances breakdown 
and synthesis of hemoglobin were proceeding at 
appioximately equivalent rates 

Footnotes 49 and SO have been renumbered and 
appear elsewhere in this review 

51 Powell, J F Serum-Iron m Health and Dis- 
ease, Quart J Med 13 19, 1944 


Moore and his collaboi ators 52 using the radio- 
active isotope, reinvestigated the absorption of 
ferrous and fernc lion by human subjects and 
by dogs Among physicians and clinical inves- 
tigators theie is agreement that patients with 
hypochromic anemia require from four to six 
times the quantity of iron in the form of a 
soluble ferric salt as that contained in a soluble 
ferious prepaiation which must be given to pio- 
duce a comparable therapeutic effect Studies 
on the absorption of iron in human beings like- 
wise ha\e legularly shown that the bivalent 
form of the metal is more completely assimilated 
than is the tnvalent In investigations on 
animals less consistent results have been ob- 
tained, and some mvestigatoi s have concluded 
that thei e is no difference m the degrees to which 
ferrous and ferric salts are absorbed Six noi- 
mal dogs were given 1 mg per kilogram of 
body weight of either feme or ferrous ladio- 
active lion, the latter being i educed from the 
trivalent state by ascoibic acid The appearance 
of the labeled element as newly synthesized 
hemoglobin in the penpheial blood was deter- 
mined as a measure of the amount absoibed In 
about half of the experiments the two foi ms of 
the lion were absoibed equally well, while m the 
remamdei the ferrous form was assimilated 
better 

Similar doses of radioactive iron weie given 
to 4 anemic dogs whose lion reseives had been 
depleted by repeated bleeding A gi eater pio- 
portion of the total iron was absorbed by these 
animals than by those in the noimal group, and 
there was approximately equal assimilation of 
the two valence foi ms 

Feirous and feme non in test doses of 1, 2 
and 4 mg per kilogiam of body weight weie 
given to 8 different men with normal blood 
values In each case more ferrous than feme 

52 Moore, C V , Dubach, R , Mmnich, V , and 
Roberts, H K Absorption of Ferrous and Ferric 
Radioactive Iron by Human Subjects and by Dogs, 

J Clin Investigation 23 755, 1944 
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non was absoibed The latio of the amount of 
the bivalent foim assimilated to that of the 
tuvalent form assimilated vaned fiom 1/4 to 10 
Sinnlai studies were made on 5 patients with 
severe hypochiomic microcytic anemia The 
bivalent form was absorbed fiom two to fifteen 
times as well as the feme form The percentage 
assimilated was greater with the small doses 
than with the large, and the iron-deficient sub- 
jects tended to absorb a greatei pioportion of 
the non than did the men with noimal blood 
values 

Boyd, Bitsman and Peny 53 investigated the 
storage and elimination of iron compounds in- 
jected inti amuscularly into albino lats Of the 
non injected none w^as lost oi excieted in the 
feces, and only 1 to 2 per cent was excieted ill 
the unne About two thuds of the injected non 
•was stored m the livei, and smallei amounts 
were deposited m the walls of the intestines, 
the bones, the muscles and elsewhere 

Hahn and his collaboratoi s 54 studied the 
absoiption of led blood cells from the peri- 
toneal cavity of dogs Red blood cells labeled 
by ladioactive iron m their hemoglobin were 
injected into the pentoneal cavity of normal 
dogs Between 20 per cent and 100 per cent 
of the cells iveie found to be circulating in the 
blood within twenty-foui hours Anemic dogs 
absoib red cells m this mannei a little less 
leadily, and dogs depleted of both hemoglobin 
and pi olein absoib them even less readily 
Although tiansit of the led cells from the pen- 
toneal cavity to the cuculation is surpiismgly 
lapid, the late vanes widely in diffeient dogs 
and m the same dog at different times 

An attempt to mobilize the iron in a patient 
with hemochromatosis by the administration of 
vanous chemicals was made by Fishback 55 Over 
an expel nnental period of one week each the 
patient w r as given sodium thiosulfate, ammonium 
chloride and sodium bicarbonate by mouth and 
sodium thiosulfate mtiavenously while a caieful 
chemical check of the iron balance was main- 
tained None of the compounds administered 
was found to have a definitely significant effect 
m mobilizing non oi in pioducmg a negative 
non balance 

53 Boyd, E M , Hitsman, J S , and Perry, W F 
The Storage and Elimination of Iron Compounds In- 
jected Intramuscularly into Albino Rats, Rev canad 
de biol 3 294, 1944 

54 Hahn, P F , and others Peritoneal Absorp- 
tion Red Cells Labeled by Radio-Iron Hemoglobin 
Mo\e Promptly from Peritoneal Cant} into the Cir- 

• culation J Exper Med 80 77, 1944 

55 Tishback, H R On the Mobilization of Iron 
”1 Hemochromatosis with Administration of Various 
Chemicals, J Lab & Clm Med 29 742 1944 


Lucia and Maiasse 50 teviewed at length the 
lathei laige volume of work done m evaluating 
the effect of the cential neivous system on 
hemopoiesis The authois concluded that a 
relation between the hypothalamus and eiythio- 
poiesis or between localized lesions or other 
diseases of the cential neivous sjstem and 
eiythiopoiesis has not been convincingly demon- 
stiated 

Brown, Hayw^aid, Powell and Witts 5 ‘ studied 
the rate of destiuction of tiansfused eiythio- 
cytes by the Ashby method of differential agglu- 
tination In 6 cases of idiopathic hypochiomic 
anemia a neatly constant linear curve of destiuc- 
tion occuued The transfused eiythrocytes 
suivived on the aveiage fifty days In 3 cases 
m which excessive hemolysis was appaient clin- 
ically, 1 that of a patient with a metastatic 
neoplasm and the other 2 of patients with ac- 
quired hemolytic anemias, the late of hemolysis 
of the tiansfused red blood cells was neaily twuce 
as rapid The plotted values m the lattei cases 
were curvilinear, with the most lapid hemolysis 
occuirmg dm mg the first week In 7 patients 
with anemia due to infection and in 12 other 
patients, single patients with such conditions as 
thyrotoxicosis, chronic nephritis and pernicious 
anemia under treatment with livei extiact, 
vanably accelerated lates of destiuction of 
erythrocytes weie found The plotted cuives 
were both lmeai and cuivilinear m type In 
most patients with acute anemia an unduly lapid 
late of red cell destruction was found, while in 
patients with chronic anemia the i ate of desti uc- 
tion was normal 

Higgins ss designed a number of animal ex- 
periments using young male rats to test the 
value of vitamin B c (folic acid) m conectmg 
or preventing the anemia resulting fiom the 
administration of promm (sodium p, p'-diammo- 
diphenyisulfone-N,N'didexti ose sulfonate) and 
promizole (4,2'-diammodiphenyl-5'-thiazole-sul- 
fone) The rats were fed a diet high in purified 
caibohydrate supplemented with thiamme, ribo- 
flavin, pyridoxme, calcium pantothenate, nicotinic 
acid and choline chloride The addition of 
either of the two sulfone compounds to this diet 
had been shown to induce a hypochromic, 

56 Lucia, S P , and Marasse, H F The Central 
Nervous System and Hematopoiesis, J Nerv & Ment 
Dis 99 734, 1944 

57 Brown, G M , Hayward, O C , Powell, E O, 
and Witts, L J Destruction of Transfused Erjthro- 
cytes in Anaemia, J Path & Bact 56 81, 1944 

58 Higgins, G M The Influence of Vitamin Be 
Concentrate (Folic Acid) on Experimental Anemia in 1 
the Rat, Proc Staff Meet, Mayo Clm 19 329, 1944 
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although macrocytic, anemia in the rats In 
1 experiment, 80 micrograms of vitamin B c 
per day was given orally to a group of rats 
leceiving 50 mg of pronnn daily In another 
experiment, the anemia was first induced b} 
giving promm in the same amount daily for two 
weeks Vitamin B c was then given orally to 
part of this group of animals for two weeks, 
while the remaining animals continued to receive 
pronun but not the vitamin A third experi- 
ment was conducted aftei the pattern of the 
second, with the anemia being first induced by 
giving pronnzole, 25 mg per day The author’s 
findings appeared to indicate that under the ex- 
perimental conditions set up vitamin B c m daily 
amounts of 80 micrograms orally exerted a pro- 
nounced antianemic effect on the animals m 
which the anemia had been previously induced 

Michaud, Maass, Ruegamer and Elvehjem 69 
studied regeneration of hemoglobin in dogs main- 
tained on a purified sucrose-casein-synthetic vita- 
min ration to which succinylsulfathiazole in 
amounts varying from 0 5 to 4 per cent had been 
added They attempted in this way to modify 
the intestinal flora and to cause a deficiency of 
factors possibly synthesized in the digestive tract 
It had been found that dietary levels as low as 
0 5 per cent of succinylsulfathiazole were in- 
jurious to rats under similar conditions The 
hemoglobin content per hundred cubic centi- 
meters of circulating blood, total hemoglobin 
number of red blood cells, mean cell volume, 
food consumption, giowth increase and the gen- 
eral state of health were the factors taken into 
consideration In dogs they could find no differ- 
ence between the animals receiving the drug 
and those serving as controls 

NUTRITION AND ANEMIA 

Some of the fundamental relations between 
the plasma proteins, cell proteins and the pro- 
tein constituents of hemoglobin are leviewed by 
Whipple and Madden 00 In recent years a large 
number of observations have been made in their 
laboratory to show that a dynamic equilibrium 
exists between plasma protein and cell protein 
which enables protein to flow 7 in either direction, 
depending on the conditions of the moment All 
the nitrogen lequirements of dogs, for instance, 
can be supplied by dog plasma given by vein 

59 Michaud, L , Maass, A R , Ruegamer, W R , 
and Ehehjem, C A Hemoglobin Regeneration in 
Dogs Receiving a Purified Ration Plus Succinylsulfa- 
thiazole, Proc Soc Exper Biol & Med 56 148, 1944 

60 Whipple, G H , and Madden, S C Hemo- 
globin, Plasma Protein and Cell Protein Their Inter- 
change and Construction in Emergencies, Medicine 
23 215, 1944 


With large injections of plasma, hyperpro- 
teinemia did not develop and the albumin- 
globulin ratio was not altered Other experiments 
showed that protein stored as cell protein was 
available for the manufacture of hemoglobin 
and plasma protein in dogs rendered hypopro- 
tememic Some observations indicate that a 
plasma-depleted dog on a liberal protein diet 
can produce more new plasma protein, 70 Gm 
or more per week, than a standardized anemic 
dog can produce hemoglobin, 70 Gm or less per 
week The body is able to make new hemoglobin 
and plasma protein out of materials contained 
in digests made from serum Dogs are able to 
manufacture abundant plasma protein derived at 
least in part from dog or sheep hemoglobin 
when this is injected mtrapentoneally Casein 
digests administered in this way are also effec- 
tive Twenty-five to 40 Gm of new 7 hemoglobin 
and plasma protein may be produced from 100 
Gm of digest 

Cartw 7 right, Wmtiobe and Humphieys 01 le- 
poit furthei studies on the anemia in swnne due 
to pyridoxme deficiency Deficiency of this 
vitamin had been shown to lesult in nutritional 
microcytic anemia in both dogs and pigs, an 
anemia which did not respond to administration 
of iron or coppei but which was relieved b} 
synthetic pyridoxme Convulsions, ataxia, de- 
generation of the peripheral nerves and presence 
of hemosidenn in the spleen, liver and bone 
mairow 7 had occuired in the experimental 
animals An elevation of the plasma iron was 
found in animals deficient in pyridoxme, and a 
green pigment-producing substance was piesent 
m the urme which was found to be xanthurenic 
acid, a product derived from tryptophan metab- 
olism 

The authors studied the effects of pyridoxme 
deficiency on the blood of swine in companson 
to those of iron deficiency and of phenylhydia- 
zme hemolytic anemia with inanition conti ols 
The major conclusions were as follows An 
increased rate of hemolysis does not occur m 
pyudoxme deficiency By restricting the dietary 
intake of iron m pyridoxine-deficient animals, 
hemosiderosis could be prevented and the serum 
iron maintained at the low 7 level seen in non 
deficiency The ataxia, convulsions, neuiologic 
lesions and fatty liver characteristic of animals 
with pyridoxme deficiency were not altered by 
limiting the iron intake to produce a combined 
deficiency of both iron and p)ridoxme The 

61 Cartwright, G E , Wmtrobe, M M , and 
Humphreys, S Studies on Anemia in Swine Due to 
Pyridoxme Deficiency, Together with Data on Phenyl- 
hydrazine Anemia, J Biol Chem 153 171, 1944 
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urinary excretion of iron in pyndoxine-deficient 
animals was not altered and remained insignifi- 
cant The increased amount of iron found in 
the blood serum was found to exist m the tri- 
valent state The administration of chlorophyll, 
purified liver extract, tryptophan, corn oil, crude 
hemoglobin, hemm and iron ascorbate were all 
ineffective in stimulating blood formation m this 
deficiency state The authors regard the fer- 
rernia and hemosiderosis as being due to the 
continued absorption or decreased excretion of 
iron at a time when its utilization for hemo- 
globin formation is at a minimum and when 
the body tissues aie abundantly supplied with 
non 

Wmtiobe, Follis, Alcayaga, Paulson and 
Humphreys 02 studied the effects of pantothenic 
acid deficiency in swine by maintaining the 
animals on a purified diet supplemented by all 
the known crystalline B vitamins other than 
pantothenic acid With such a diet young pigs 
manifested signs of deficiency much sooner than 
did similar pigs receiving calcium pantothenate 
but lacking any one of the following thiamine, 
nboflavine, nicotinic acid, pyridoxine or choline 
Giowth was quickly inhibited and diarrhea was 
severe and was accompanied with extensive 
pathologic changes m the colon Sudden col- 
lapse occuired and ended fatally Less pro- 
nounced effects of pantothenic acid deficiency 
in pigs were loss of hail, reddening of the skin, 
excessive nasal secretion, changes in the tongue 
and degenerative changes in the nervous system 
associated with the development of noticeable 
abnoi mahties in gait 

A severe anemia such as that which occurs 
m pyridoxine deficiency did not develop m the 
pantothenic acid-deficient pigs A moderate 
normocytic anemia was noted in 13 out of 18 
pigs In 7 the volume of packed red cells ranged 
between 35 and 40 cc per hundred cubic centi- 
meteis of blood, and in the remainder the volume 
of packed red cells langed between 24 and 33 cc 
(the noimal range in pigs being 41 5 to 51 5 cc ) 
Two animals were treated with calcium panto- 
thenate, and the anemia became less pronounced 

Maass and his collaboratoi s 03 studied the rela- 
tion of thiamine to blood regeneration m growl- 
ing and in adult dogs The animals were main- 
tained on a purified diet supplemented with all 


62 Wintrobe, M M , Folks, R H , Alcayaga, I 
iaulson, M, and Humphreys, S Pantothenic A< 
JOehciency in Swine, with Particular Reference to t 
•Utects on Growth and on the Ahmentarj Tract Bu 
Johns Hopkins Hosp 73 313, 1943 

63 Maass, A R, Michaud, L, and others T 
delation of Thiamine to Blood Regeneration, An 
Bioehcm 4 105, 1944 


the crystalline vitamin B fractions except thia- 
mine and rendered anemic by repeated phle- 
botomy No specific effect of the thiamine defi- 
ciency on the capacity for blood regeneration 
was found 

Bass 28 reports on 2 infants with nutritional 
anemias In a 6 month old infant, weakness 
and palloi developed after an infection of the 
upper lespiratory tract The hemoglobin con- 
tent of the blood was found to be 17 per cent 
and the led cell count 920,000 The infant was 
admitted to the hospital and given blood trans- 
fusions, iron and large doses of vitamins There 
was, however, a progressive fall m the blood 
level during an observation period of foui 
weeks Injections of liver extract were then 
staited, and the infant made a complete and 
uneventful recovery 

Another infant, 5 months old, had become 
severely alleigic to cow’s milk early m life and 
was given a goat’s milk formula with vitamin B 
and C supplements Anemia, with a hemoglobin 
content of 36 per cent and a red blood cell count 
of 1,630,000, was present at the age of 2 
months This was tieated by several small 
tiansfusions and by the addition of an iron 
preparation to the diet The feeding problem 
and the severe eczema became worse, and the 
infant’s condition became critical The child 
was given a formula containing the ammo acids 
derived fiom hydrolyzed casein with vitamin 
and iron supplements as before In less than a 
month the cutaneous lesions had cleared and the 
blood levels were being maintained satisfactorily 
It was the author’s opinion that the hematologic , 
improvement resulted from the more adequate ' 
protein nutrition provided by the ammo acids 

Davidson and Donaldson 64 found mild degi ees j 
of anemia relatively common among English 
school children and investigated its response to 
treatment with iron and ascorbic acid They j 
found that the anemia responded well to the 
administration of as little as 15 grains (0 97, 
Gm ) of ferrous sulfate a week A supplement > 
of 25 mg of ascorbic acid daily in addition had 1 
no effect in raising the hemoglobin level 

Pijoan and Elkin w investigated the cause of 
anemia among Shoshone Indian infants fed for 
prolonged periods on an exclusive milk diet 
It was the tribal custom to give the infants 
nothing but breast milk until they were 1 or 2 

. ■ — — i 
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yeais of age and could eat the unmodified adult 
food The breast milk fiom nursing mothers 
was found to contain but 1 7 to 1 8 mg of lion 
per liter, an amount low enough to account foi 
the prevailing anemia due to iron deficiency 
Civeira Oteirnm 06 studied the blood changes, 
particularly regal dmg the cellular elements and 
bone manow, m 40 cases of chiomc starvation 
with edema In these cases the number of 
platelets m the penpheral blood was found to 
be decreased, the counts averaging 187,000 
The average white blood cell count was 6,000, 
with a lelative and absolute lymphocytosis and 
neutiopenia The studies of the bone mairow 
showed an increase m the number of megalo- 
blasts with the eiythrocyte-granulocyte latio 
distuibed by an increase in the gianulocytic ele- 
ments A certain degiee of arrest of matura- 
tion m both senes resulting m an increase in 
the less diffei entiated elements was obseived 
There was no alteration in the megakaryocytes 
According to Wedei, 67 the Plummet -Vinson 
syndrome has been diagnosed very larely m 
Switzerland, possibly because the syndrome has 
not been recognized He reported on 4 women 
with the syndrome, whose ages ranged fiom 31 to 
51 years In the majority of the patients there 
weie soieness and burning of the mouth and 
tongue, painful recurrent fissures at the angles 
of the mouth, difficulty in swallowing solid and 
even liquid foods and symptoms of anemia All 
the patients had smooth tongues with atrophic 
papillae, peileche and severe hypochromic 
anemia, with the hemoglobin reduced to 41 to 
58 per cent of normal In treatment the patients 
weie given ferious iron and a vitamin B piepara- 
tion of high riboflavin content There was 
prompt and permanent relief of their symptoms 

ANEMIA ASSOCIATED WITH PREGNANCY 

In reporting a hematologic study of 48 cases 
of pregnancy and reviewing the literature on the 
anemias of pregnancy, Elliott 68 comments that 
most of the investigation m this field has been 
of two varieties either a mass survey of a large 
series of cases or a detailed study of individual 
I cases His investigation was of the latter type 
He selected for study 48 patients fiom an ante- 
i partum and obstetric clinic Most of the patients 

66 Civeira Otermin, F Plaquetas, leucocitos y 
niielograma en enfermos de media cronica (enfermedad 
del j;dema) , Medicina, Madrid (pt II) 11 194, 1943 

67 Weder, A Das Plummer-Vinsonsche Syndrom, 
; Schweiz med Wchnscnr 73 1354, 1943 

6S Elliott, G A The Anaemias of Pregnancy 
V Report on the Haematological Study of Forty- 
Eight Cases of Pregnancy with a Review' of the 
1 Literature, J Obst & Gjnaec Brit Emp 51 198, 1944 


were in poor economic cucumstances, living m 
homes of semislum standard Then diets were 
mainly caibohydrate No patient was included 
if toxemia of pregnancy oi other known organic 
disease was present 

Twenty of the patients weie selected as 
“normals” on the basis of having a hemoglobin 
content of 80 per cent (Haldane) or over The 
color indexes in this group, with 1 exception, 
fell between 0 8 and 1 and the mean coi puscular 
volume, also, with the 1 exception, between 73 
and 88 cubic microns The mean cell diameter 
showed an increased vai lability, indicating that 
an abnormal degree of amsocytosis was piesent 
in this group The composite cuive of the tests 
of erythiocyte fragility in hypotonic solutions 
of sodium chloride showed a slightly mci eased 
ease of hemolysis The leticulocyte counts and 
plasma bilirubin values weie not abnormal 

In the 28 pregnant patients whose values for 
hemoglobin -were below 80 pei cent, the value 
langed from 32 to to 76 pei cent and the red 
blood cell counts from 3,270,000 to 5,000,000 
per cubic millimeter The mean corpuscular 
volume ranged between 58 and 98 cubic microns 
The standard deviation of the red cell diameters 
and the vai lability per cent were within nonnal 
limits in some pei sons of the anemic group, 
although the degiee of amsocytosis was a strik- 
ing feature m many of the films and was asso- 
ciated with considerable variation . in staining 
density Thiee patients had a median coi pus- 
cular fragility gi eater than the calculated noimal 
and 21 greater than the observed noimal In 
the majority of the patients with anemia asso- 
ciated with piegnancy there w'as a distinct shift 
towaid decreased fragility after parturition as 
compaied with the antepaitum leading This 
change was obseived as eaily as the fifth day 
after dehveiy and for 1 patient w'as delayed at 
least nine days In only 2 patients with anemia 
was the reticulocyte count raised and then only 
to a maximum figure of 4 per cent The plasma 
biluubin value fell within normal limits 

The majority of the piegnant women with 
anemia responded to treatment m the expected 
manner Eleven patients rvere given non, and 
only 1, who had an initial color index of 1, failed 
to respond to both iron and an effective livei 
extract Spontaneous improvement after de- 
livery occurred Four patients m all required 
blood transfusions 

The increase in median coi puscular fi agility 
differentiates this anemia, irrespective of its other 
characteristics, from the majority of other 
anemias There is as yet no explanation for 
this change The abnormal degree of aniso- 
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cytosis occurring in these patients has been 
stressed previously as an important sign of ab- 
normal hemopoiesis and is perhaps more signifi- 
cant than the hemoglobin level 

The occurrence of some degree of hydremia 
during pregnancy makes it possible for a hemo- 
globin content as low as 65 per cent (Haldane) 
and a led cell count as low as 3,200,000 to be 
considered physiologic provided certain other 
conditions are satisfied The coloi index must 
be near unity, the mean cell diameter within 
normal limits, the values expressing the normal 
degiee of amsocytosis and the mean coipuscular 
volume within the noimal limits for pregnancy 

Several factors may account foi the lion defi- 
ciency anemia of piegnancy pieexistmg anemia, 
decreased secietion of hydrochloric acid in the 
stomach during piegnancy, pool social conditions 
and pooi diet, changes in iron metabolism due to 
pregnancy and the number of pievious preg- 
nancies The number of cases of megalocytic 
anemia of pregnancy lepoited m lecent years 
lias decreased, and fuither study is lequired to 
elucidate their causes In the last ten years, 
not one example of acute hemolytic anemia of 
piegnancy has been reported There still re- 
main, however, a gioup of anemias occuirmg 
m pregnancy which it is difficult to fit into any 
known classification 

Pmey 09 presents a short account of the bl6od 
disorders of most frequent occurrence during 
pregnancies, with an unusually good discussion 
of the accumulated information legardmg the 
macrocytic anemias of pregnancy 

Wiener 70 off ei s a short comment regaidmg 
the macrocytic anemia of pregnancy, which has 
impiessed some observers as resembling a hemo- 
lytic anemia It is well known that the blood 
of eveiy peison contains, m addition to the 
agglutinogens characteuzing the individual, one 
oi more agglutinogens shared by all mem- 
beis. of the species Oidmanly a peison does 
not become immunized oi sensitized against 
antigens contained in his own bod), but under 
certain conditions this principle of “horror auto- 
toxicus ’ of Elulich breaks down Foi example, 
when the sensitized Rh-negative patient is given 
Rh-positive blood, he bieaks down the blood 
cells Then the body in disposing of the 
bioken-down cells may occasionally become 
sensitized to the common species of antigens con- 
tained m the stioma The resulting antibodies 
ha\e the piopeities of reacting not onl) with the 

69 Pine\, A Blood Disorders m Relation to Preg- 
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blood of other individuals of the species but also j 
with the patient’s own blood cells The anti- ^ 
bodies then act on the patient’s own cells, and ‘ 
a hemolytic anemia results The patient’s own ; 
broken-down cells may sensitize him still further, ; 
and continued hemolysis may result ;! 

By extending this principle of “autoimmum- 
zation” to the conditions of pregnancy, a lathei , ( 
attractive explanation of the macrocytic anemias ( 
of pregnancy can be suggested If an Rh-nega- j 
tive mother becomes oversensitized to the fetus’ , 
Rh-positive cells, she may also form antibodies > 
to one or more of the common species antigens, j 
and an acute hemolytic anemia could result ! j 
This theoiy stands in agreement with the known !| 
clinical characteristics of the disease, and m 3 j ( 
cases of anemia of this type observed by Wienei !' 
the women all proved to be Rh-negative * 

HEMOLYTIC ANEMIA 

Congenital and Acquired Types — The general 
clinical features of the hemolytic anemias, their 
classification and recent developments regarding 1 
their pathogenesis aie the subjects of a review \ 
by Davis 71 While in theory a hemolytic anemia 
is one in which the anemic state results mainly ’ 
from the process of blood destruction proceeding 1 
at an accelerated rate beyond the capacity foi ; 
blood regeneration, a definition of general value 1 
m clinical diagnosis is difficult Many aspects 
of the mechanism concerned with the disposal of 
red blood cells and hemoglobin in health as well 1 
as m disease are still obscure Concerning the, 
destruction of red cells there is little agreement 
regarding the mechanism beyond the fact that 
cells damaged by age, trauma or special agents 
are disposed of by the phagocytic cells of the 
i eticuloendothehal system, predominantly within 
the spleen It is still uncertain whethei the 
spleen is the “slaughterhouse” of the red cells, 
but there is a general consensus that the spleen 
is certainly their “graveyard ” Following the 
breakup of the red cell, there is phagocytosis of , 
the debris and iron is split off from the hemo- 
globin The lion-free compound is converted 
into bilirubin, which circulates m the plasma, 
pi obably m combination with serum protein 
The production of this hemobihrubin will ob- 
viously be increased under conditions of exces- 
sive hemolysis, and there may be inci eased out- 
put of fecal urobilinogen The detei nnnation of' 
the fecal urobilinogen is one of the most im- 
portant lecent advances m the study of the* 
hemolytic anemias 

71 ^n' 1 - S in L i J Haemohtic Anaemias, Edinburgh 
J 50 589, 1943 
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Under certain pathologic conditions, hemolysis 
may be predominantly or exclusively intravas- 
cular, resulting m the liberation of free hemo- 
globin in the general circulation The reticulo- 
endothelial cells are capable of dealing with only 
a small amount of free hemoglobin, and when 
this limit is exceeded the excess breaks down 
into hematm and globin Hematm combines 
with serum albumin to form methemalbunnn, a 
compound which, because of its large molecule, 
never escapes into the urine Its demonstration 
m the plasma by spectroscopic tests is a con- 
clusive indication of mtravasculai hemolysis 
The renal threshold for fiee hemoglobin is about 
150 mg per bundled cubic centimeters Once 
hemoglobinuria is established, however, it may 
continue m the presence of a plasma hemoglobin 
concentration as low as 30 to 50 mg per hundred 
cubic centimeters Thus, hemoglobinuria is 
another indicator of intravascular hemolysis 
While the finding of a sustained high reticulocyte 
count, nucleated red blood cells, anisocytosis and 
so forth in the peripheral blood and hyperactive 
erythropoiesis in the bone marrow are suggestive 
of excessive hemolysis, unequivocal evidence of 
such an occurrence may be obtained by demon- 
strating an increased excretion of fecal urobili- 
nogen, methemalbuminemia or hemoglobinuria 
In familial acholuric jaundice and m sickle 
cell anemia conspicuous erythrocyte abnormal- 
ities are associated with the hemolytic tendency, 
but the details of the mechanism m each disease 
are unknown Nocturnal hemoglobinuria is a 
form of chronic hemolytic anemia often of con- 
siderable seventy and displaying a fluctuating 
course That inti avascular hemolysis occurs has 
been demonstrated by the finding of increased 
plasma hemoglobin and methemalbunnn The 
hemolytic phenomena result fi om an abnormality 
of the red blood cells which lenders them pecu- 
liarly liable to lysis by some agent noimally 
present m the plasma piobably a complement 
Ibis susceptibility is aggravated by an increased 
hydiogen ion concentiation, such as occurs dui- 
i mg sleep consequent on reduced pulmonary ven- 
' tilation Davis had the opportunity to study a 
patient with this disoidei who finally died after 
an exacerbation of the disease The effect of p n 
in producing hemolysis could be demonstrated 
by placing a specimen of the patient’s heparinized 
blood in a tube layered o\ er with paraffin to pre- 
. vent the loss of oxygen Hemolysis was evident 
after a few hours, while control tubes containing 
normal blood or the patient’s blood without 
paraffin showed no hemoljsis 

Hemol) tic anemias may result from circulating 
hemohsms, such as may follow the transfusion 


of incompatible blood, sensitization by the Rh 
antibody, activation of a specific hemolysis m 
some syphilitic persons by exposure to cold, 
severe burns, bacterial infections (especially 
those due to anaerobic organisms) or snake 
venom Parasitic infections such as malaria, 
which is by far the commonest cause of hemolytic 
anemia, poisons such as lead, phenylhydrazme 
and phenotlnazme and sensitivity to drugs or 
plants are other etiologic factors which must be 
considered in diagnosis 

The so-called acquired hemolytic anemias, 
acute and chronic anemias of unknown cause, 
comprise a heterogenous group differing widely 
m their hematologic and clinical aspects The 
prognosis is grave and the mortality rate high 
In some cases transfusion may be beneficial or 
curative and in others of little benefit and pro- 
ductive of hazardous reactions, but this measure 
should always be tried The results of sple- 
nectomy have varied in different series and no 
final evaluation is possible 

Davis 72 reports 4 cases of symptomatic or 
acquired hemolytic anemia with increased uro- 
bihnuria, hyperbilirubinemia and reticulocyte 
counts from 22 to 66 per cent in persons with 
other primary diseases Most of them had a 
personal or family history of jaundice or other 
manifestation of familial hemolytic icterus In 
the first case, a 72 year old man complained of 
pain in the back and increasing fatigue and weak- 
ness and showed pallor, jaundice and hepato- 
megaly A severe macrocytic anemia was pres- 
ent, and the reticulocyte count was persistently 
elevated Despite treatment he died in a few 
weeks’ time, and necropsy showed that a carci- 
noma of the pancreas was present, with metas- 
tases to the liver, one kidney and the retroperi- 
toneal, mediastinal and cervical lymph nodes 
The second case was that of a 19 year old youth 
who had received roentgen ray therapy thiee 
years earlier for a cervical swelling thought to 
be 1} mphadenoma Progressive weakness and 
pallor developed, and on examination light jaun- 
dice, slightly enlarged inguinal nodes and a 
palpable spleen were found A normochromic 
but slightly macrocytic anemia was present, with 
reticulocytosis The illness terminated fatally m 
a few weeks Permission for an autopsy was 
not obtained The third case was that of a 50 
year old man m whom a severe hemolytic anemia 
developed a few weeks after a generalized en- 
largement of the lymph nodes and splenomegaly 
had appeared He had been given a course of 

72 Davis, L J Symptomatic Haemolytic Anaemia 
A Report of Four Cases, Edinburgh M J 51 70, 
1944 
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sulfapyridine without apparent effect He im- 
proved with roentgen therapy and blood trans- 
fusions, and during the remaining three years 
of his life there were no hematologic abnormali- 
ties The diagnosis at autopsy was advanced 
Hodgkin’s disease The fourth case was that of 
a 41 year old woman who after being ill for a 
year with anemia was found to have sub- 
leukemic myeloid leukemia Excessive red blood 
cell destruction and increased blood regeneration 
were constantly present during the last week of 
her illness Autopsy confirmed the diagnosis of 
myeloid leukemia The cause of the hemolysis 
m these cases remained obscure There was no 
evidence of pronounced erythrophagocytosis It 
was thought that the tumor growths might have 
exerted an injurious effect on the circulating 
eiythrocytes, promoting their destruction, or that 
the activity of the reticuloendothelial cells might 
have been abnormally stimulated 

A confusing case of symptomatic hemolytic 
anemia is reported by Feldman and Yams 73 
An 18 year old youth complained of bleeding 
from the gums and passing dark-colored urine 
Examination showed that he was jaundiced and 
that his spleen was greatly enlarged The hemo- 
globin content was but 60 per cent of normal, 
the red blood cells 2,750,000 and the white blood 
cells 25,000 There were microspherocytosis and 
reticulocytosis, and the erythrocyte fragility was 
1 inci eased The differential count included 30 

per cent young lymphocytes and 10 per cent 
abnormal lymphocytes, which were considered 
to be characteristic of those of infectious mono- 
nucleosis The heterophile agglutination test 
was repeatedly positive up to a dilution of 
1 1,024 Two other hematologists reviewed 
the findings and agreed m the diagnosis of 
infectious mononucleosis and hemolytic icteius 

The patient continued to get worse, had many 
hemoirhagic episodes and requned repeated 
> blood tiansfusions Finally splenectomy was 
advised, and a spleen weighing 2,000 Gm was 
removed The patient improved tempoiarily 
but then failed again At this time the blood 
picture was ty pical of lymphatic leukemia, with 
the white cell count using to 230,000 

Neumann 71 rejioits a somewhat similar case, 
that of a 51 )ear old man who became jaundiced 
and in whom a hemolytic anemia was found 
Biops} of an enlarged lymph node was per- 

73 Feldman, P , and Varus, J J Manifestations 
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formed, and a diagnosis of lymphogenous 
leukemia made 

Concerning the pathogenesis of familial hemo- 
lytic icterus, Willenegger 75 discusses the two 
factors of fundamental importance (1) the pri- 
mary, inherited or constitutional anomaly of 
the red blood cells manifested by their sphero- 
cytic forms and diminished osmotic resistance 
to hypotonic sodium chloride solutions and to 
lysolecithin and (2) an abnormal activit) oi 
the spleen in the destruction of erythrocytes 
The constancy of splenomegaly in this disease 
and the therapeutic benefit of splenectomy illus- 
trate the importance of the splenic factoi in the 
pathogenesis of the disorder, even though 
splenectomy as a mle does not alter the sphero- 
cytosis or increased red blood cell fragility 
Some authors have emphasized the function of 
the spleen m storing erythrocytes m this con- 
nection, especially since the spherocytic form 
and diminished osmotic resistance of the red 
blood cells occur during their sojourn in this 
organ An experiment was planned to evaluate 
these factors m a patient who was undergoing 
splenectomy Seventeen hours before operation 
300 cc of fresh type O blood was given to the 
patient, whose blood was type A By means 
of an anti-A hemolysin the donor’s and the leci- 
pient’s erythrocytes m the patient’s circulating 
blood and in the splenic sinuses were later sepa- 
rated for cell counts and morphologic observa- 
tions 

The majority of the transfused erythrocytes 
w > -ere found to be sequestered m the spleen by 
the time operation was performed Those that 
remained m the circulating blood disappeaied 
somewhat more quickly than would normally 
be anticipated after transfusion The trans- 
fused erythrocytes recovered from the splenic 
sinuses seventeen hours after they were injected 
had already become spheric and even crenated 
The donor’s cells that remained m the circulating 
blood showed little or no morphologic change 
Blood corpuscles suspended m plasma obtained 
fiom the spleen of the peison with familial 
hemolytic icterus showed no morphologic change 
diffeient from that of those suspended m nonnal 
plasma The authoi mterpiets his observations 
as indicating that the spleen plays an active role 
in the pathogenesis of familial hemohtic icterus 

Wiedemann 70 discusses the relation of micro- 
spherocytosis to decreased osmotic resistance of 

75 'Willenegger, H Zur Pathogenese des konsti- 
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the eiythrocytes in familial hemolytic icterus 
In afflicted families other authors have found 
as many as 10 per cent of the known carriers 
of the disease to have normal results of fragility 
tests He investigated the family of a 12 year 
old boy who had had intermittent jaundice from 
the age of 8 weeks Both the liver and the 
spleen were enlarged A moderately severe 
anemia was present, with 7 to 15 nucleated red 
blood cells per hundred white blood cells and a 
reticulocytosis of 24 to 32 per cent The mean 
corpusculai volume was 107 cubic microns 
There was no increase, however, m the level 
at which hemolysis began, although the point 
of complete hemolysis was definitely above that 
of the noi mal control The mother of the patient 
and 3 of his sisteis had eithei splenomegaly or 
jaundice, but there was no alteration m the 
hypotonic fragility of their cells except for a 
slightly higher level at which complete hemolysis 
occurred The degree of spherocytosis was not 
pronounced in this family The author regarded 
the decreased maximal resistance of the red 
blood cells as a significant point in diagnosis 
in atypical cases 

Ducci, Etcheverry, Nijamkm and Zanaitu 7 ‘ 
leport their observations on 2 brothers who had 
a form of familial icterus which they considered 
not to be of hemolytic origin In 1 boy the 
features resembled those of familial hemolytic 
icterus, since there was an elevated blood bili- 
lubm, a slight increase m the red blood cell 
fragility and an increased elimination of fecal 
urobilinogen In the other patient icterus had 
been present for several yeais, but the blood 
values were normal , there was no splenomegaly, 
and tests of hepatic function, including that of 
bilirubin excretion, produced normal results 
Othei relatives were known to be icteric, but 
they were not available for study 

Home 18 reviews the general aspects of 
familial hemolytic icterus of especial interest 
to surgeons concerned with splenectomy and 
with the tieatment of complications of the biliaiy 
tract When the diagnosis of familial icteius 
is established, splenectomy is ordinarily advisable 
at an early age In competent hands, the opera- 
tive mortality is low and permanent benefit re- 
sults In about 60 per cent of untreated patients 
with long-standing disease gallstones develop, 
and m eveiy case a roentgen examination of 
the gallbladder should be made or the organ 

77 Ducci, H, Etcheierrv, R, Nijamkin, A, and 
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palpated foi stone at the time of splenectomy 
Perforation of the gallbladder m these cases and 
the formation of sinus tracts following chole- 
cystotomy occur fiequently Two cases are re- 
ported in detail In 1, a 16 year old girl had 
recur lent jaundice from early life, and biliary 
colic developed when she was 15 years old A 
splenectomy and cholecystectomy were done m 
two stages, and the final clinical result was good 
The second patient, a 17 year old youth, had 
had fairly good health in spite of recurrent 
jaundice and a chronic hemolytic anemia until 
biliary complications developed He was oper- 
ated on foi cholecystitis, and the gallbladder, 
which contained stones, was drained A chole- 
cystotomy sinus persisted, with pei iodic passage 
of stones, and finally jaundice leappeared The 
gallbladder was found to have ruptured, causing 
a bile peritonitis, and a fatal outcome resulted 
Splenectomy with early cholecystectomy when 
gallstones are present is the tieatment of choice 
for this disease 

Hobbs 79 repoits 2 cases of march hemoglo- 
binuria occuinng m soldieis during training 
One 20 yeai old soldier noted that he passed 
“bloody” unne after nearly every seveie exertion 
for a period of seventeen days A slight amount 
of pain in the legion of the left flank accom- 
panied the voiding of the abnormal urine Aftei 
the patient was confined to the hospital, several 
specimens of urine were examined without an> 
abnormality being found and results of a urologic 
investigation were negative He was then sent 
on a trial hike of 10 miles (sixteen kilometers) 
carrying a pack weighing 34 pounds (15 4 Kg ) 
“Bloody” urine was passed after he had hiked 
5 miles (8 kilometers) A specimen of urine 
obtained on completion of the hike was the coloi 
of port wine, the reaction foi albumin was 4 
plus , the benzidine reaction was 4 plus, and 
3 Gm of hemoglobin were present per hundred 
cubic centimeteis of mine Only an occasional 
white blood cell was present in the urinary sedi- 
ment The hemoglobin content of the plasma 
rose f i om 6 2 mg per hundred cubic centimetei s 
before the hike to 170 mg after the hike The 
fi agility of the red blood cells in hypotonic solu- 
tions of sodium chloride was unaltered A 
second soldier, a 32 yeai old Negro, stated that 
he had passed “bloody” mine at least twelve 
times in five months, each time after stienuous 
exertion A specimen of unne obtained after 
a hike was the color of port wine, the reaction - 
for albumin was 2 plus and the benzidine reac- 
tion 4 plus The urobilinogen test showed a 

79 Hobbs, R E March Hemoglobinuria A Re- 
port of Two Cases, Am J Clin Path 14 485, 1944 
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reaction in a dilution of 1 20 The hemoglobin 
content of the plasma was 80 mg pei hundred 
cubic centimeters The results of tests of red 
blood cell fragility with hypotonic sodium 
chloride and acid were normal 

The author determined the plasma hemoglobin 
level m 23 men just completing a speed march 
of 10 miles and found values ranging from 15 to 
25 mg per hundred cubic centimeteis In the 
diagnosis of march hemoglobinuria the signifi- 
cant and constant observations are hemoglo- 
bmemia and hemoglobinuria Concerning its 
pathogenesis, the author favors the theorj of 
a general mti avascular hemolysis 

Malan 80 reports a case of march hemoglo- 
binuria in a 21 year old infantryman which he 
observed The soldier noted that he began to 
pass dark-colored urine after strenuous activity 
in training and in sports A urinalysis done 
after rest showed nothing abnormal Aftei 
exercise, however, his urine became dark brown- 
ish red m color, the benzidine reaction became 
positive, and a heavy albuminuria was present, 
as well as granular casts in the sediment 
Spectroscopic examination showed that the urine 
contained oxyhemoglobin In four months’ time 
the hemoglobinuria following exercise gradually 
decreased and finall) disappeared The soldier 
was subsequently returned to full army duty 
without ill effects 

Bryce 81 reports a similar case of march hemo- 
globinuria occurring in an 18 year old soldier 
In this patient also aching pain in the groins 
accompanied the passage of dark urme This 
occurred only after unusualh strenous training 
exercises had been perfoimed A complete uro- 
logic examination was made and no anatomic 
abnormality found Finally to establish the 
diagnosis urinalyses were made after heavy 
exercise Under these conditions albumin, fiee 
hemoglobin and methemoglobm weie present in 
the urme The Donath-Landstemer test failed 
to reveal paroxysmal hemoglobinuria Experi- 
ments weie conducted to determine the amount 
of work that could be tolerated without produc- 
ing the hemoglobinuria The soldiei could 
tolerate working m a stooped position, as in 
vigorous digging, for at least two hours without 
symptoms, whereas walking foi one to one and 
a half hours at a brisk pace brought on an attack 

In a discussion of chronic hemolytic anemia 
with nocturnal hemoglobinuria, Hegglin 82 states 

80 Makin, M A Case of March Haemoglobmuria 
, Brit M J 1 844, 1944 

81 Bryce, L M March Haemoglobmuria De- 
scription of the Features of This Condition, and Re- 
port of a Case, M J Australia 2 49, 1944 


that no form of therapy yet available, including 
the administration of alkalis and splenectomy, 
modified the course of the disease materially 
He recommended as a palliative measure the 
use of frequently administered small blood trans- 
fusions 

Losada, Etcheverry and Uauy SJ report the 
case of a 16 year old girl with paroxysmal hemo- 
globinuria For five yeais during the seasons 
of cold weather she had recurrent episodes of 
chills, fever and passage of red mine, followed 
by pallor and icterus She had had an unusual 
number of childhood diseases, and when she 
was 14 years old, enlargement of the cervical 
lymph nodes developed and examination revealed 
a tuberculous pleural effusion The examina- 
tion of the blood revealed an eiythroc^te count 
of 1,500,000, a hemoglobin value of 50 per cent 
and a leukocyte count of 2,400 Reticulocytes 
were increased to 14 per cent, nucleated led 
blood cells weie present, and the a\eiage cell 
vplume was 145 cubic nucions The Kahn, 
Wasseimann and Donath-Landstemei leactions 
weie stiongly positive While she was under 
tieatment for the tubeiculosis, there was pio- 
gressive improvement in the hematologic status 

Hegglin and Maier 81 descnbe a “heat resis- 
tance” test as a specific test foi the recognition 
of Marcluafava’s anemia This lare disease is 
characterized chiefly by nocturnal hemoglobi- 
nuria and the manifestations of a hemolytic 
anemia The hemolysis is produced by the 
action of a hemolysin -whose amboceptor is always 
present m the eiylhiocytes but which lequires 
the presence of complement The degree of 
hemolysis increases as the temperature of the 
blood rises and as the /> H of the blood falls 

The test is designed to determine the resis- 
tance of the red blood cells to increased tempei a- 
ture It is performed by putting a test tube 
containing about 5 cc of blood obtained by 
means of a syringe sterilized by diy an into the 
incubator for six to twenty-foui houis at a 
tempei atui e of 37 C The degree of hemolysis 
can be observed with the naked eye Although 
a quantitative determination of the hemoglobin 
liberated in the seium is foi practical purposes 
unnecessary, it was done in a series of cases to 

82 Hegglin, R Die chronische hamolytische Ana- 
nne mit nachtlicher Hamaglobinurie (Typus Marchia- 
fava), Helvet med acta 10 27, 1943 

83 Losada L , A , Etcheverry, R , and Uauy A , N 
Hemoglobinuria paroxistica esencial (a proposito de 
un caso cllnico asociado a tuberculosis pleural), Rev 
med de Chile 71 1113, 1943 

84 Hegglin, R, and Maier, C The “Heat Resis- 
tance” of Erythrocytes A Specific Test for the Recog- 
nition of Marchiafava’s Anemia, Am J M Sc 207 * 
624, 1944 
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prove the specificity of the test Two patients 
with Marchiafava’s anemia had serum hemo- 
globin values of 570 and 675 mg per hundied 
cubic centimeters aftei six horn s’ incubation and 
592 and 1,375 mg after twenty-foui hours’ 
incubation The highest value in six other types 
of hemolytic anemia was 180 mg per hundred 
cubic centimeters, found after twenty-foui 
hours’ incubation In 50 normal peisons, 7 
patients with secondary' anemia and 12 patients 
with pernicious anemia there was no increase in 
hemolysis The possibility of increased acidity 
being produced by the heat and causing the 
hemolysis was not investigated 

Meier 83 repoits 2 cases of acute hemolytic 
anemia of the Lederer-Brill type, which occurred 
in children A 3 year old boy, who had pre- 
viously been well, in a matter of two days’ time 
became greatly fatigued, refused to eat and was 
constantly drowsy Examination showed the 
child confined to bed, febrile, difficult to arouse, 
pale and jaundiced Both the liver and the 
spleen were enlarged The examination of the 
blood showed the hemoglobin content to be 
20 3 per cent, the red cell count 575,000 and the 
white cell count 24,400 The reticulocytes were 
40 per cent, and many nucleated red blood cells 
and spherocytes were present The eiythrocyte 
fragility m hypotonic sodium chloride solutions 
was slightly increased Immature myeloid cells 
weie present m the circulating blood The 
Wassermann reaction was negatne Intramus- 
cular injections of blood were given on two suc- 
cessive days, as well as Neoton-Hepar, iron 
theiapy and symptomatic medication The child 
began to improve in thiee days, was playing 
actively by the sixth day and later made a com- 
plete lecovery There was a transient eosm- 
ophilia rising to 16 5 per cent, but the blood 
picture finally became entuely normal The 
parents were given physical examinations and 
examinations of the blood but no abnormal- 
ities w'ere found The child was still well when 
last seen sixteen months after the acute illness 

The second child was a 4 year old boy who had 
had good health until foui or five w'eeks before 
his admission to the hospital, when fever, obsti- 
pation and cramping abdominal pain developed 
Shortly afterward he became pale, listless and 
slightly jaundiced His condition did not im- 
prove Physical examination showed the boy 
to be poor]) nourished and extremely pale and 
to have a yellowish complexion The abdomen 
i\ as distended, and neithei the liver nor the 
spleen was palpable Examination of the blood 

85 Meier, K Die akute hamolytische Anamie \om 
1'P Lederer-Brill, Ann piediat 162 140, 1944 


showed the hemoglobin content to be 16 pei cent, 
the red cell count 1,100,000 and the white cell 
count 12,500, without unusual immaturity of 
the myeloid cells The leticulocytes w'ere in- 
creased to 15 per cent, and there were 6 nucleated 
red blood cells for every 100 white blood cells 
There were no spherocytes It was thought 
that rupture of the appendix with abscess for- 
mation had occurred and that the hemolytic 
anemia was secondary to this process Two 
blood transfusions, sulfatlnazole and Neoton- 
Hepa ? were used in therapy', and the boy' re- 
covered in tw'o months 

The author discusses many of the other re- 
ported cases of acute hemolytic anemia in chil- 
dren and points out that a dramatic response to 
blood transfusion is by no means invariable 

Spira 86 reports the case of a 20 month old 
child in whom an acute hemolytic anemia devel- 
oped fourteen days after a febrile illness with 
a cutaneous lash and nnld otitis media thought 
to be scarlet fever Vomiting, high fe\er and 
the passage of dark led urine marked the onset 
of acute anemia The child became extremely 
pale, icteiic and finally moribund The hemo- 
globin value w'as 16 per cent, and there w r as a 
leukocyte count of 34 000 The ery'throcytes 
showed diminished resistance in hypotonic 
sodium chloride solutions A remarkable im- 
provement occuned with the first blood trans- 
fusion and subsequently a complete hematologic 
reco\ ei y occuired An intracutaneous tuber- 
culin leaction was found to be stiongly' positive, 
and four weeks aftei the onset of the anemia 
theie w'as roentgen evidence of enlargement of 
the paiatracheal lymph nodes This began to 
recede after eight weeks of lest m bed, but the 
primary' tuberculous process was kept undei 
observation 

Videla and Bonell 87 lepoit 2 cases of acute 
hemolytic anemia in adults complicating infec- 
tious piocesses A 20 yeai old woman became 
acutely ill w'lth nausea, dianhea, abdom- 
inal cramps, fever and jaundice Examination 
showed that pneumonia with pleuritis appeared 
to be the pnmary disease Anemia, hemolytic 
in type, with erythroblastosis w'as present A 
single blood tiansfusion was given, and the pa- 
tient proceeded to make an uneventful recovery 
A similar train of events w'as obseived in a 
case of a 42 year old man suffering from an 
infection of the hand with lymphangitis 

86 Spira, M Zur Frage der akuten, hamolytiscben, 
infektiosen Anamie, Typ Lederer lm Kindesalter, 
Ztschr f ICmderh 64 187, 1943 

87 Videla Z , P , and Bonell, J Eritroblastosis 
reaccional , 2 casos, Rev med de Chile 71 1204, 1943 
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An unusual case of acute hemolytic anemia 
in a man showing the phenomenon of auto- 
agglutmation and autohemolysis at room tem- 
peratuie was studied by Curne ss A 37 yeai 
old engineer had enjoyed excellent health until 
he suddenly and without warning felt faint 
while walking to woik He was foiced to sit 
down, and on attempting to get up he collapsed 
and lost consciousness for a time A few hours 
later progressively deepening jaundice appeared, 
along with hemoglobinuria He was hospital- 
ized two days later, when disonentation, con- 
fusion and fever had developed Physical 
examination revealed extieme weakness, a 
thready pulse and a tender, palpable spleen 
The urine contained hemoglobin and a large 
amount of helnoglobmous deposit but no bili- 
rubin Examination of the blood showed that 
hemoglobin content was 15 pei cent, the red 
blood cell count 900,000, the leukocyte count 
25,000 and the icteric index 34 In the blood 
film there were many normoblasts, some erythro- 
blasts and immature granulocytes There was 
obvious microspherocytosis 

The patient’s serum was found to agglutinate 
his own corpuscles at loom tempeiature His 
serum agglutinated both group A and group B 
corpuscles but not normal gioup O coipuscles 
When the blood was typed at body tempeiature, 
the patient’s cells were found to contain neither 
A noi B agglutinogen An autohemolysin was 
shown to be present in the patient’s serum which 
required the presence of complement foi its 
activity The patient made an uneventful re- 
covery, receiving 1 pint (0 47 liter) of whole 
citrated blood on the fourth day after his admis- 
sion to the hospital, at which time he was appar- 
ently improving spontaneously The phenomena 
of autoagglutination and autohemolysis disap- 
peared during the convalescent period 

Foy, Gluckman and Kondi 89 leport a case m 
which acute eiythrocyte hemolysis and severe 
anemia followed the first administi ation of benzyl 
sulfanilamide Icterus appeared after 12 Gm of 
the drug had been given, and dark-coloied mine 
was passed after 3 more Gm had been given 
Fever and tachycaidia appealed, and when a 
blood transfusion was attempted a severe leac- 
tion developed Oliguria, hypei tension and 
mtiogen retention developed, and the patient 
died seven days after the initial leaction At 

88 Currie, J P Acute Haemolytic Anaemia Re- 
port of a Case Presenting Hitherto Unreported Fea- 
tures, Brit M J 2 8, 1944 
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autopsy the kidneys weie found to be deep 
purple, extiemely congested and edematous 
There was no mechanical obstiuction present in 
the larger unnaiy passages, and in histologic 
sections there was no blockage of the renal 
tubules with precipitated products of hemoglobin 
The authors discuss the blood pigment metab- 
olism m persons with such conditions as black- 
watei fever, hemolytic jaundice and sulfonamide 
hemolysis Oxyhemoglobin, methemalbumin 
and hemobiln ubin are commonly found in all 
types of intiavasculai hemolyses Intiacoipus- 
culai methemoglobm does not occur m black- 
water fevei, as far as is known In the case 
lepoiled, the intravascular hemolysis and lapid 
fall in the red cell count were accompanied with 
the piesence of plasma oxyhemoglobin, methe- 
malbumm and hemobiln ubin as well as of mtra- 
coipuscular methemoglobm Oxyhemoglobin 
and methemoglobm were found in the urine 
Cole 00 points out that blackwatei fever may 
cause death m two different ways (1) by fatal 
anemia due to erythrocyte hemolysis and (2) 
by lenal damage leading to uremia He pre- 
sented the case of a young Indian who had a 
second attack of malana, foi which be took 5 
grains (0 32 Gm ) of quinine daily Four days 
after the onset of the chills and fever, he began 
to pass daik mine containing a brown deposit, 
a large amount of albumin and casts He soon 
became jaundiced, the hemoglobin content fell 
to 70 pei cent of noimal, and the urine became 
scanty and the color of port wine Four days 
latei the blood urea level was 104 mg per 
hundred cubic centimeteis, and the urme, al- 
though only a few cubic centimetei s per day was 
passed, was cleai A further use in the blood 
urea nitrogen to 386 mg per hundred cubic 
centimeters and generalized edema developed 
befoie the unnaiy output increased and lecoverj' 
ensued Four weeks aftei the onset of the 
illness, the urine had again become normal, and 
the uiea cleai ance test showed no evidence of 
impaired renal function 

Strunua 91 discusses the hemolytic leactions 
which follow ( the transfusion of incompatible 
blood When transfused blood is incompatible, 
the recipient’s plasma agglutinates and hemolyzes 
the donor’s cells Clinical signs of a hemolytic 
reaction start during or shortly after the trans- 
fusion and commonly consist of a chill, followed 
by nausea, vomiting, pain m the lumbar region, 
a sense of constnction m the chest and fever 

90 Cole, ACE A Case of Anuria in Black- 
water Fever, East African M J 20 381, 1943 

91 Strunua, M M Post-Transfusion Hemolytic 
Reactions, Pennsylvania M J 47,668, 1944 
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Transient hemoglobinemia followed by oliguria 
is common The oliguria may rapidly improve 
and the patient recover, or azotemia may result 
and recovery or death ensue after several days 
A number of patients have died even though 
the urinary output has become normal 01 even 
greater than normal 

Whenever doubt exists that a hemolytic reac- 
tion has occurred, the first urine passed should 
be examined foi albumin, hemoglobin, casts and 
red blood cells The blood level of bilirubin 
should be determined immediately and after five 
and twelve hours, during which time the peak of 
bihrubmemia is generally reached 

Strunna does not subscribe to the theory that 
blockage of the renal tubules accounts for the 
renal damage associated with transfusion leac- 
tions or that alkahnization of the urme is of 
therapeutic usefulness The outstanding patho- 
logic lesions in such cases are extiemely severe 
degenerative changes in the epithelium of con- 
voluted tubules, with interstitial edema and vas- 
cular embolic phenomena with thrombosis Since 
fiee hemoglobin per se is nontoxic, it appears 
likely that some factor in the “stroma” of the 
erythrocytes is toxic, perhaps the A, B or Rh 
agglutinogens No theiapy has been uniformly 
successful m treating the renal damage follow- 
ing transfusion of incompatible blood 

The prognosis is poorei for those patients 
having previous kidney damage or those with 
other serious illnesses Most patients receiving 
250 cc of blood or less will recover from their 
first hemolytic transfusion reaction Those re- 
ceiving as much as 500 cc or those who have 
had previous transfusion reactions will usually 
die 

Precautionary measures include meticulous 
typmg and cross matching, with attention to the 
Rh factor and to the less common isoagglu- 
tinins in special cases Slow transfusions are 
advised Plasma should be used in emergencies 
rather than blood, even than blood from low 
titei group O donors with agglutinins not in 
excess of 1 60 

A serious posttransfusional reaction is re- 
ported by Introzzi and Bellotti 92 A 30 year 
old woman was prepared for a cholecystectomy 
for biliary stone At operation pericholecystitis 
with a gieatly thickened gallbladder wall was 
found, and the removal of the gallbladder was 
accomplished with difficulty A postoperative 
, hemorrhage occurred, and 250 cc of group O 
. blood was given without apparent reaction The 

: 92 Introzzi, A S , and Bellotti, C Hemohsis post- 

transtusional con insuficiencia renal grave , plasmo- 
: tcra P* a > Bol > trab , Acad argent de cir 28 6, 1944 


following day restlessness, drowsiness and sub- 
icterus developed The urinary output gradu- 
ally fell until it was less than 250 cc per day 
Urinalysis gave positive reactions for occult 
blood, and a few red blood cells were present in 
the sediment Lethargy persisted and edema and 
mtiogen retention were present for several davs 
but the patient eventually recovered 

Rh Facto i — Wiener, Sonn and Belkin 93 re- 
port further study of the heredity of the Rh blood 
types Having available three varieties of anti- 
Rh agglutinins, they were able to demonstrate 
five kinds of agglutinogens which in combination 
determine eight types of human blood Wiener 
has proposed a theory of six allelic genes to 
account for the existence of these variants of the 
Rh agglutinogen The six gene theory postu- 
lates the existence of a series of allelic genes, 
Rh,, Rh,, Rh', Rh", Rh and rh, named after the 
seiologic properties which they determine The 
gene rh is recessive to the others and in homo- 
zygous persons gives rise to the Rh-negative type 
The gene Rh' determines an agglutinogen Rh', 
which reacts with anti-Rlij but not with anti-Rh, 
or with anti-Rh agglutinins Similarly the 
agglutinogen determined by the gene Rh" reacts 
only with the anti-Rh, agglutinin, while agglu- 
tinogen Rh reacts only with the standard anti- 
Rh agglutinin, not with anti-Rh* or anti-Rh, 
The agglutinogens detei mined by the genes Rl^ 
and Rh,, on the otliei hand, are each character- 
ized by their ability to react with two of the three 
primary agglutinins For example, agglutinogen 
Rh t reacts with agglutinins anti-Rl^ and anti-Rh 
but not with agglutinin anti-Rh, The capacity 
of bloods of types Rli t and Rh, each to react 
with two distinct agglutinins is inherited as a 
unit and is assumed to be due to the action of 
single genes 

With the six gene theory, twenty-one geno- 
types are theoretically possible If the phenotype 
corresponding to each genotype is assumed to 
represent merely the combined effect of the two 
genes, then the twenty-one genotypes give rise 
to eight phenotypes, all but one of which has 
actually been encountered 

The authors investigated the Rh blood types m 
97 families with 275 childien and in 135 mother- 
child combinations The results obtained were 
in complete agreement with the theory of six 
allelomorphic genes With regard to linkage 
relations, the authors reported that the genes 
are transmitted independently of sex, the A-B-O 
genes and the M-N genes When active and 
specific serums are generally available, many 

93 Wiener, A S , Sonn, E B , and Belkin, R B 
Heredity of the Rh Blood Types, J Exper Med 79 
235, 1944 
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clinical applications of these observations will be 
possible— for example, in transfusion therapy and 
m the classification of donors The determina- 
tion of the Rh type of the fathei of an eiythro- 
blastotic baby will often make possible a more 
definite statement as to the prognosis of future 
pregnancies If the father belongs to type RIr- 
Rh„, all the children must be Rh positive, half 
Rhj and half Rh 2 m the usual case , hence the 
prospect of the sensitized mother’s bearing nor- 
mal infants with this father is extiemelv remote 
The medicolegal application of the Rh tests and 
their use m anthropologic studies and in studies 
of heredity are likewise practical 

Wiener 0i discusses in another report the role 
of the Rh subtypes m hemolytic transfusion reac- 
tions and m erythroblastosis Analogous prob- 
lems are presented by the tw r o conditions In 
hemolytic disease of the newborn, the Rh antigen 
is involved m about 90 per cent of the cases 
The author encountered an infant with severe 
eiythroblastosis whose mother was leported to 
be Rh positive A more complete investigation 
showed that the father’s type was Rh^Rhn and 
the child’s RfqRho. while the mother’s was 
actually Rh' Thus isoimmunization of the Rh- 
positive mother by Rh-positive fetal blood of a 
different subtype was proved to be the mecha- 
nism responsible for the occurrence of erythro- 
blastosis m the infant The infant responded 
well to a blood transfusion of the mother’s 
washed red cells suspended m the father’s 
plasma In such transfusions it is always safe to 
use the mother’s cvashed red cells, while it is 
only generally safe to use Rh-negative blood 
Another important corollary of these observa- 
tions is that Rh-negative blood should be used 
m transfusions for the mother of an erythro- 
blastic infant even though her blood is Rh posi- 
tive m tests with the human Rh antiserum on 
hand Another case of hemolytic disease of the 
newborn is described, m which the hemolysis 
was caused principally by Rh isoantibodies ac- 
quired by the infant through ingestion of the 
maternal milk 

Boorman, Dodd and Mollison studied the 
incidence of hemolytic disease of the fetus m 
different families and the value of serologic 
tests in diagnosis and prognosis The mam fea- 
tures of the relation of the Rh antibody to the 

94 Wiener, A S Role of the Subtypes ot Rh in 
Hemolytic Transfusion Reactions and m Erythroblas- 
tosis, Am J Chn Path 14 52, 1944 
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hemolytic disease of the newborn are well estab- 
lished, but much remains to be learned Although 
the combination of an Rh-positive infant and an 
Rh-negative mother occurs m about 9 5 per cent 
of all pregnancies, the infant is affected with 
hemolytic disease in only a small proportion of 
the cases, for the incidence of hemolytic disease 
is only 1 m 400, or 0 25 pei cent of all preg- 
nancies The mere demonstration that the 
mothei is Rh negative and the infant Rh positive 
cannot by itself be regarded as satisfactory diag- 
nostic evidence of hemolytic disease of the fetus 
Moreovei, the mother has been found to be Rh 
positive m a small proportion of cases in which 
the infant was affected with the disease 

The authois studied 100 families m which a 
fetus suspected of having the hemolytic disease 
w as born, 70 women who had given birth to one 
or more stillborn fetuses and 60 mothers and 
their infants thought to have “physiologic jaun- 
dice ” In the fiist group 97 of the mothers were 
Rh negative and 3 Rh positive Serums of the 
Rh-negative mothers contained anti-Rh aggluti- 
nins in 93 out of 97 instances Seventy-nine 
affected infants of Rh-negative mothers were 
tested and all w ere Rh positive Forty-five hus- 
bands of Rh-negative mothers tested were all 
Rh positive The serums of all 3 Rh-positive 
mothers contained immune agglutinins incom- 
patible with the fetal erythrocytes In 1 instance 
the agglutinin was anti-Rh 2 and in the other 2 
the agglutinin was anti-B When several chil- 
dien were born to sensitized mothers, it was 
noted that the disease did not necessarily become 
more sevei e m successive siblings In 5 families 
the birth of an affected infant was followed by 
the both of 1 or more normal children If any 
of the living children were Rh negative, the 
prognosis for future siblings appeared to be 
bettei 

Of the 70 women who had given birth to one 
or more stillborn fetuses, 17 were Rh negative 
and 53 Rh positive In 11 cases the mother’s 
seium contained immune anti-Rh agglutinins, 
and m all cases the fetus was stillborn during the 
last three months of pregnancy It was con- 
cluded that m these cases the fetal death was 
due to hemolytic disease, while m the remainder 
this possibility could not be excluded 

Among the group of 60 infants affected with, 
‘physiologic jaundice,” the mother’s serum con-' 
tamed anti-Rh agglutinins in 3 cases out of 60, 
and m these cases the infant was Rh positive , 
In only 1 instance did the clinical examination, 
suggest that the infant might have mild hemo-^' 
lytic disease Compatibility tests between the. 
mother s serum and the infant’s erythrocytes 
uith legard to the anti- A and anti-B agglutinins. 
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showed that the incidence of incompatibility m 
this group was not significantly greatei than in a 
random sample of mothers and infants Cases 
of mild hemolytic (disease of the newborn may 
sometimes be mistaken foi cases of “physiologic 
jaundice/’ howeyei unless seiologic tests aie 
carried out 

McCall, Race and Tavloi 90 studied an infant 
with hemolytic disease of the newborn wdiose 
mother was Rh positive The hemolysis was 
found to be due to a rare type of Rh antibody 
similar to the anti-Rh factoi descubed bj Levine 
and his collaborators 

Erythroblastosis fetalis m identical twins is 
reported, by Demy 97 A woman 40 years of age 
had been pregnant seven times The first four 
piegnancies had lesulted m living infants Theie 
followed the birth of twins, 1 stillborn and the 
other dying of hemoirhage in foui hours and 
two years latei a stillborn child thought to have 
had fetal hydrops was delivered Erythioblasto- 
sis was suspected during the last gestation, and 
investigation showed the father’s blood to be 
Rh positive and the mother’s blood Rh negative 
m high titer Laboi resulted in the spontaneous 
delivery of identical twin gills Sereie hemo- 
ly tic anemia with deep jaundice, petechial hemoi- 
lhages and a great enlargement of the liver and 
spleen developed in 1 infant The othei infant 
had mild anemia, light jaundice and a small per- 
centage of normoblasts in the penpheral blood 
Both were given transfusions ot Rh-negative 
blood and recorded, although pigmented skin 
and an enlarged livei and spleen weie still pres- 
ent in the sevei eh afflicted tw in fifty -five days 
aftei birth Both infants were Rh positive 
Being identical twins the} had identical genetic 
inheritance and weie subject to the same titer of 
antibody fiom the mothei Derm explains the 
differing degree ot se\erit\ of the anemia in the 
2 infants as due to a greatei functional defect 
w ith regard to passage of antibodies m the 
placenta seiving the more sevei eh affected twin 
Keel 98 summarizes the clinical findings in 
12 cases ot anemia neonatorum with icteius 
1 giavis Four of the infants died and were 
1 studied pathologicall} Extramedullaiy liema- 
[ poiesis was a constant finding A group of 
- 21 cases of hemolytic disease of the new-born 
i were investigated b> Langley and Stratton 99 

l 96 McCall, A J , Race, R R , and Taylor, G L 
^ Rhesus Antibody in Rh-Positive Mother Causing 
Haemolytic Disease of Newborn, Lancet 1 214, 1944 
a 97 Demy, N G Erythroblastosis Fetalis in Identical 
r Twins, Am J Obst & Gynec 47 554, 1944 
} 98 Keel, M Anaemia Neonatorum and Icterus 

Gravis, Ann psediat 160 179, 1943 
1 99 Langley, F A, and Stratton, F Hemolytic Dis- 

1 case m the Newborn, Lancet 1 145, 1944 


Previous obseivations m regard to the role of 
the Rh factoi in this condition were confirmed 
by finding that m 19 of 21 cases the maternal 
blood contained an anti-Rh agglutinin In 12 
fatal cases necropsies w f ere done, and in 11 of 
them extramedullary hemopoiesis was found 
The bieast milk of 10 of the mothei s was 
examined, and anti-Rh agglutinins w r ere found 
m the milk of 7 

Van Dorsser, Morrison and Philpott, 100 con- 
ducting a study of the significance of the Rh 
factor m obstetric practice, found that the pei- 
centage of abortions, miscarriages and fetal 
deaths among Rh-negative women was 21 pei 
cent, as compared with 13 per cent among 
Rh-positive w'omen The percentage of Rh-nega- 
tive and of Rh-positive women having no ob- 
stetnc mishaps, howevei, w r ere approximately 
equal The Rh-negative ivomen during their 
first two or three pregnancies at least w'ere not 
particularly moie apt to lose their children 
eithei before or during birth or m the neonatal 
pei lod than were Rh-positive w omen The inci- 
dence of toxemia w as about the same in the tw r o 
groups 

Adelman 101 lepoits on a pair of dissimilai 
twins, in 1 of wdiom severe anemia with jaun- 
dice, erythroblastosis, splenomegaly and hepato- 
megaly developed when the child was 48 
hours old By the use of lepeated tiansfusions 
the blood values could be maintained, but the 
infant’s clinical condition appeared to become 
steadily worse Splenectomy w r as perfoimed on 
the thirteenth day, and thereafter an uneventful 
recovery occurred 

Six infants with hemolytic anemia of the new r - 
boin are reported on by Lubmski, Benjamin and 
Strean 102 All the mothers were Rh negative, 
one of them apparently having been sensitized 
eai her by transfusions of Rh-positive blood The 
authois lecommend in treatment the early use of 
washed Rh-negative red cells Weiss 103 le- 
view r ed the accumulated knowledge concerning 
the clinical importance of the Rh antigen He 
was able to study 15 families m which childien 
with erythroblastic anemia had occuned and 
othei s m which the Rh antibody was the cause 

100 van Dorsser, G J E , Morrison, A W , and 
Philpott, N W Studies on Rh Factor and Its Signifi- 
cance in Obstetric Practice, Canad M A J 50 219, 
1944 

101 Adelman, M Hemolytic Disease of the New- 
born (Erythroblastosis Foetalis) in One of Twins, 
Rhode Island M J 27 580, 1944 

102 Lubinski, H , Benjamin, B , and Strean, G J 
Observations on the Rh-Factor in Its Relation to 
Hemolytic Anemia of the New-born Infant, Am J Obst 
& Gynec 48 464, 1944 

103 Weiss, C Rh Antigen Its Clinical Importance, 
California & West Med 60 59, 1944 
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of transfusion leactions or was of intei est in 
medicolegal connections. 

Butler, Danforth and Scuddei 104 lepoit a seii- 
ous post-transfusion reaction due to Rh antibod) 
sensitivity The patient was a 36 yeai o 
woman who had given birth to four living chil- 
dren and then had had four spontaneous mis- 
carriages She became piegnant again, and aftei 
five months’ gestation fetal movements ceased 
A diagnosis of fetal death was made Two 
months later, active laboi staited and a macer- 
ated fetus was expelled After deliver)’ uterine 
Weeding continued which could not be conti oiled 
"by ordinary measures and the patient went into 
mild shock A transfusion of Rh-positive blood 
compatible by the usual cross-match method was 
started and 100 cc given befoie it was found that - 
the patient was Rh negative The blood trans- 
fusion was stopped immediately and plasma 
substituted Forty minutes latei the patient had 
a shaking chill Bloody urine was passed The 
hematocrit value dropped rapidly to neatly half 
of the original level, and the blood plasma showed 
hemolysis The patient became jaundiced and 
generally edematous The liver gradually in- 
creased in size until its lower edge lay 8 cm 
below the right costal margin The cephalm 
flocculation reaction was then 2 plus 

The patient was given sodium bicai bonate, 
transfusions of Rh-negative blood and plasma 
Extreme oliguria persisted for seven days , 
nitrogen was retained until the nonprotem mtio- 
gen concentration was 69 2 mg per hundied 
cubic centimeteis , the blood pressure became ele- 
vated, and a number of convulsions occuired 
Recovery followed 

Investigation showed that anti-Rh agglutinins 
were present in high titer The authois advise 
that blood tiansfusions never be given to ob- 
stetnc patients until their Rh type is known 

Howell and Hobbs 105 describe a seveie tians- 
fusion reaction which occurred m a 45 yeai old 
aimy officei who was given a blood tiansfusion 
after an operation foi incision and drainage of 
a deep staphylococcus abscess of the thigh He 
had had two blood transfusions about five }eais 
previously within a period of two months, and 
after the second of these he had had a severe 
chill and fever The possibility of Rh incom- 
patibility was considered when the third tians- 
fusion was given, but no typing seium was 
available He w r as given 400 cc of citrated 
blood over a period of ninety minutes without 

t ® C , Danforth, D N , and Scudder, 

J The Rh Factor m Intragroup Blood Transfusion 
'? Reactions, Surg, Gynec & Obst 78 610, 1944 

105 Howell, R P , and Hobbs, REA Hemolytic 
transfusion Reaction Due* to the Rh Factor Mil 
Surgeon 94 269, 1944 


immediate reaction Forty-five minutes latei, 
howevei, he had a severe chill, which was fol- 
lowed by a rise in temperature to 102 F He 
soon became jaundiced, and during the twenty- 
four hours following the blood transfusion he 
voided only 90 cc of urme, containing large 
amounts of urobilinogen There was nitrogen 
letention for seveial days, but a slow recoveiy 
ensued over a period of several weeks When 
Rh typing serum was obtained, it was found that 
the recipient’s cells weie Rh negative and Rh 
positive agglutinins we^re demonstrated in Ins 
serum The donor’s cells weie Rh positive The 
authors emphasize the importance of determining 
the Rh factor in recipients of lepeated blood 
transfusions, even though the intei val may be of 
several years 

Elhptocytosis — The gieat majonty of peisons 
who have the hei editary anomaly of oval or 
elliptic erythrocytes aie healthy peisons, long 
lived, not anemic and not unusually subject to 
disease Several v ears ago Leitner investigated a 
laige family in which elhptocytosis occpned as 
a benign deformity of the red blood cells He 
has more recently 10c encountered another family 
in which the trait occur led m association with 
manifestations of hemolytic anemia and he 
leviews a fairly large number of othei leported 
cases m which this has occuned In the family 
he studied 7 of the 8 members showed elhpto- 
cytosis, which was inherited as a dominant trait 
affecting both the males and the females of thiee 
generations The erythrocyte deformity was 
piesent in fresh prepaiations and theie was no 
sickling oi alteiation in shape with exposure to 
carbon dioxide In the 2 persons m whom the 
eiythrocyte defoimity was greatest, there was 
evidence of moderately severe hemolytic anemia 
with deci eased resistance of the erythrocytes to 
hypotonic sodium chlonde solutions, increased 
bilirubin in the blood and mci eased urinai y 
in obihnogen In 1 peison the 1 eticulocy tes were 
mci eased to 38 pei cent There was no sjffeno- 
megaly obseived m any person 

Helz and Menten 107 leport a case of elhpto- 
cytosis m a 2/ 2 month old Negro child whose 
father had also had the abnormally shaped red 
blood cells In the infant the percentage of oval 
cells gradually increased to 50 by the age of 
4 months, after which no further increase was 
observed Tests showed no signs of sickling 

106 Leitner, St J Weitere Untersunchungen uber 
die familiare Elliptozytose der Erythrozyten Elhptozy- 
tose und hamolytische Anamie, Helvet med acta 10 
585, 1943 

107 Helz, M K , and Menten, M L Elhptocytosis 

Report of Two Cases, J Lab & Clin Med 29 185, 
1944 , ’ 
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Evans 108 studied a Nigerian native in whose 
blood 94 per cent of the erythrocytes were oval 
Sickle Cell Anemia — Several authors have 
contributed studies during the last year showing 
the wide distribution of the sickling phenomenon 
among the dark-skinned races Evans 109 per- 
formed tests for sickling on a group of 561 sol- 
diers, natives of the Gambia, the Gold Coast, 
Nigeria and the Cameroons Twenty per cent 
of the entire group had blood which showed 
sickling m vitro Of the physically fit soldiers, 

1 5 5 per cent showed sickling m comparison 
with 25 per cent without sickling among those 
under treatment foi vaiious illnesses A small 
gioup of villagers were examined, and the blood 
of 188 per cent showed sickling A sex diffet- 
ence was noted in this group since 22 per cent 
of the males showed sickling but only 13 per cent 
of the females No cases of anemia associated 
with the trait were seen English 110 reports the 
presence of the sickle cell trait in a young Bantu 
man, a native of North Rhodesia 

Mera 111 studied all the school children be- 
tween the ages of 7 and 17 m Puerto Trejada, 
a Colombian town with an 80 per cent Negro 
population Of the 489 Negro children examined, 
46 (9 4 per cent) showed either the sickle cell 
trait (5 45 pei cent) or sickle cell anemia (3 95 
pei cent) Typical symptoms of sickle cell 
anemia m these children included anemia, jaun- 
dice chionic weakness, abdominal colic and 
ulceis of the leg 

The pietalence ot sicklemia in the black Caiib 
Indians, a Negro of relatively pure strain, was 
studied by McGavaek and German 112 The au- 
thors made wet, sealed films of blood from 300 
persons living m a small village Eight per cent 
of the persons who w r ere studied showed the 
sickle cell trait No sickle cell anemia or acute 
illnesses suggestive of the crises ot sickle cell 
1 anemia w ere recognized in these persons 

Castellanos Fonseca 113 reviews much ot the 
literature concerning the sickle cell disease and 
its geneial clinical features Six cases of sickle 

108 Evans, W Elliptical Enthrocytes, J Path & 
Bact 55 378, 1943 

109 Evans, R W The Sickling Phenomenon m the 
Blood of West African Natnes, Tr Ron Soc Trop 
Med & Hyg 37*281, 1944 

110 English, R B Occurrence of Sickle Cell 
Trait m Blood of Bantu, South African M J 17 389, 
1943 

111 Mera, B Prelimmares del estudio de la menis- 
i cocitemia en Colombia, S A , Bol Ofic san panam 
- 22 680, 1943 

j 1 12 McGavaek T H and German, W M Sickl- 
enuajn Black Carib Indian, Am J M Sc 208 350, 1944 
I 113 Castellanos Fonseca, E Hemodistrofias por 
™^ !eS falcifornies, Rei med -quir de Oriente 4 239, 
I 1943 


cell anemia were reported m detail, in 2 the 
patients were Negroes and in ■ 4 persons of 
mestizo origin Investigation of 1 of the Negro 
families showed the sickle cell trait to be present 
m at least 10 males and females in three suc- 
cessive generations 

Trincao and Rolo 114 review 7 the literature on 
sickle cell anemia and report on a white 
Portuguese family in which there were 5 cases 
in three geneiations There w f as no admixture 
of Negro blood for at least five generations 

Urteaga Ballon 115 studied the value of splenic 
puncture as a diagnostic method in cases of latent 
sickle cell anemia with splenomegaly In mate- 
rial aspirated from the spleen in such cases large 
numbers of deformed erythrocytes were present 
and the procedure w 7 as recommended as an aid 
m diagnosis 

The behavior of erythrocytes from a patient 
with sickle cell anemia was studied by Murphy 
and Shapiro 110 under various experimental con- 
ditions A method of making fresh blood prepa- 
rations using an oiled slide was developed for 
the rapid demonstration of sickling The effect 
on the cells of different serum and saline sus- 
pensions was studied, and sickling was found to 
occur more rapidly and more completely in un- 
altered whole fresh blood than in either serum or 
saline suspensions Experiments confirming the 
fact that sickling depends on the state of the 
hemoglobin as regards oxygenation were de- 
scribed When the hemoglobin was in the 
reduced form, the sickle shape of the erythrocyte 
was stable, but with the hemoglobin, in oxygen 
combination the cell reverted to its normal shape 
Sickling did not appear to be related to p K or to 
variations in ionic balance The potassium con- 
tent of the erythrocytes, however, appeared to be 
significantly less than normal, and a prehmmar} 
test showed that sickle cells were nearly twice 
as permeable to the potassium ion as normal 
cells The cells of different patients were found 
to show sickling at different thresholds of oxy- 
gen tension The authors suggest that this phe- 
nomenon may be made the basis of a differential 
test betw r een the sickle cell trait and the sickle 
cell disease There w r as evidence to indicate that 
as the cells age the sickling threshold becomes 
lower, which is of possible relation to the genesis 
ot the crises in sickle cell anemia 

114 Trincao, C, and Rolo, J Anemia de celulas 
falciformes , revisao da literature e apresentagao de 
casos pessoais em brancos portugueses, Lisboa med 19 
471, 1942 

115 Urteaga Ballon, O Importancia de la puncion 
csplenica en el diagnostico de la sickell cell anemia, Rei 
med exper , Lima 2 177, 1943 

116 Murphy, R C, Jr, and Shapiro, S Sickle Cell 
Disease Observations on Behavior of Erythrocytes m 
Sickle Cell Disease, Arch Int Med 74 28 (July) 1944 
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Wmsor and Burch 117 observed that the sedi- 
mentation rate in sickle cell anemia was increased 
h) exposing the blood to oxygen and reduced 
1)) exposing the blood to carbon dioxide They 
descnbe two methods of making the tests and 
present data showing that the induced changes in 
sedimentation rate weie constant enough to be of 
\ alue m diagnosis The test could be completed 
in less than tlnitj minutes in many cases 
The same authois llS studied a gioup of 15 
patients with sickle cell anemia and 4 patients 
with the sickle cell trait 4 nthropometi ic mea- 

smements photogiaphs and i oentgenograms 
weie compaied with the clinical histones and 
othei data A characteristic habitus, not a 
priman genetic abnormahtx but an alteration 
secondarx to the disease was found in those 
patients with sex ere actwe sickle cell anemia of 
long duration Patients with sicklemia only 
showed no significant deviation from control 
subjects 

Sickle cell anemia is a disease that is fie- 
quently of suigical interest because the crises 
may simulate acute surgical diseases of the 
abdomen Bauer and Fisher 11 '* report several 
fatal cases of sickle cell disease, most of them 
not correctly diagnosed during the life of the 
patrent and uige that routine tests foi sickling 
be made on all Negro patients requiring admis- 
sion to a hospital Canby, Carpenter and Ell- 
more 120 report the case of a 19 yeai old youth 
of pure Sicilian stock who became acutely ill w ith 
abdominal pain m the left side fever and leuko- 
cytosis He had been pale most of his life, and 
some yellowness of the scleias had often been 
noted A laparotoni} was thought advisable, 
and an enlarged congested spleen coveied with 
adhesions and fibrin xxas found and removed 
The convalescence xxas uneventful His eiythio- 
cytes shoxxed complete sickling m txvelve hours 
Theie was no sickling m the blood of either 
parent foui sisteis oi two brothers aftet twentv- 
four hours 

Remhard and his collaborators 121 used oxygen 
therapy in the treatment ot sickle cell anemia 
Fom patients b leathed 70 to 100 pet cent oxygen 


11/ Wmsor, T, and Burch, G E Diagnos 
Physicochemical Blood Tests in Sickle Cell Anerr 
Am J M Sc 207 152, 1944 

118 Wmsor, T, and Buich, G E The Habitus 
Patients with Sickle Cell Anemia, Human Biol J 
99, 1944 

119 Bauer J, and Fisher, L J Sickle Cell E 
ease, with Special Regard to Its Nonanermc Varie 
Arch Surg 47 553 (Dec) 1943 

120 Canby, C B , Carpenter, G , and Ellmore, 

1 Drepanocytosis (Sicklemia) and an Apparen 
Acute Surgical Condition of the Abdomen Report 
Their Occurrence in a White Youth with Laparotor 
■\rch Surg 48 123 (Feb) 1944 


administered through a Boothby-Lovelace-Bul 
buhan mask foi six periods of eight to twenty 
days each They observed that oxygen therapy 
resulted m a decrease in the degree of intravascu- 
lar sickling of the red blood cells but that there 
xxas no consistent detectable change m the rate 
of hemolysis Erythrocytogenesis ivas depressed 
by the oxygen theiapy On the fourth or fifth 
day of oxygen theiapy the peicentage of leticulo- 
cytes began to decline, and this decline xvas 
folloxved ill txvo oi thiee days by a fall m the 
number of erythrocytes, xvhich was occasionally 
as much as 1,000,000 cells pei cubic millimeter 
With discontinuation of the oxygen inhalation, 
a sti iking leticulocytosis developed and the level 
of erythrocytes leturned to the pieoxygen level 
No definite conclusions as to the x^alue of oxygen 
theiapy foi the cnses of sickle cell anemia xxere 
draxx n 

MEDITERRANEAN ANEMIA 

Sexeral new studies of Mediteiranean anemia 
have appeared during the past year, showing 
that anemias of this type are less uncommon 
and of xvider geographic and racial distribution 
than is geneially considered Among the natives 
of Cjprus, Faxvdn 122 found that erythroblastic, 
or Cooley’s, anemia xx as a common disease among 
the children and xoung adults He studied 
20 patients ranging m age from 6 months to 
20 years, all of them, with the exception of 
1 Turkish bo), being of Greek ancestry The 
general clinical aspects and the conditions ob- 
served in the blood and bone mai i oxv in his cases 
xx ere in agreement xvith previous studies by other 
investigators The use of iron and liver prepara- 
tions as xvell as of antimalai lal diugs was of no 
therapeutic value 

Saracoglu 12 * i epoi ts the typical featui es of 
Cooley’s anemia m a 9 yeai old Turkish boy 
A bi othei of the patient had had a greatly swol- 
len abdomen and died of anemia at the age of 
5 }eais An uncle of the patient was thought 
to be anemic also The author stated that his 
patient xx r as the fourth to be reported on among 
the Tuikish people Dhayagude 12i reports on 

121 Remhard, E H , Moore, C V , Dubach, R , , 

and Wade, L J Depressant Effect of High Concentra- 
tions of Inspired Oxygen on Erythrocytogenesis Obser- | 
vations on Patients with Sickle Cell Anemia with a 
Description of the Observed Toxic Manifestations of « 
Oxjgen, J Clin Investigation 23 682, 1944 i 

122 Fawdry, A L Erythroblastic Anaemia of ; 
Childhood (Cooley’s Anaemia) in Cyprus, Lancet 1.171, 
1944 

123 S*aracoglu, K Cooleysche Anamie in der ' 
Turkei, Wien med Wchnschr 93 217, 1943 

124 Dhayagude, R G Erythroblastic Anemia of ’ 

Cooley (Familial Erythroblastic Anemia) m an Indian ' 
Boy, Am J Dis Child 67 290 (April) 1944 I 
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a 7 year old Brahmin boy, who also showed the 
blood and skeletal abnoimalities typical of severe 
Mediterranean anemia Erythiocyte fragility 
tests and determinations of blood levels of bili- 
rubin on 2 half brothers and a half sistei showed 
them to be normal The author stated that his 
patient was the fourth to be obseived among 
Asiatic persons 

A comprehensive study of the hematologic 
features and the genetic transmission of Meditei- 
ranean anemia, or thalassemia, is lepoited by 
Valentine and Neel 125 Hematologic examina- 
tions were made on the patents, the siblings and 
some immediate collaterals of 3 persons who 
had severe Mediterranean, or Cooley’s, anemia 
, and of 1 person with a similar nnldei condition 
, The four families included a total of thirty -foui 
( persons Twenty-four of these persons had the 
mild, benign form of anemia descnbed m recent 
years by many authors as occurring among fam- 
ilies of Mediterranean origin The mild anemia 
was qualitatively similai but quantitatively less 
severe than the full-blown thalassemia and was 
characterized by increased resistance of the en- 
throcytes to hemolysis m hypotonic sodium chlo- 
ride solutions, target and oval red blood cells, 
microcytosis and hypochromia All patients with 
the Mediterranean disease, in the authors’ opm- 
1 ion, can be roughly divided into two gioups 
those with mild, usually asymptomatic anemia 
and those with severe anemia usually terminating 
fatally in childhood It is proposed that these 
two forms of the disease be designated “thalas- 
semia minor” and “thalassemia major,” lespec- 
1 tively 

In two families in which there had been chil-^ 
dren with the severe anemia, oi thalassemia 
major, both parents were available foi hemato- 
logic examination, and in each family both pat- 
ents were shown to have significant hematologic 
abnormalities In reviewing the literature, the 
authors found that m every family in which the 
parents of children with the seveie Mediter- 
ranean anemia have had complete blood examina- 
tions, with 1 possible exception, definite hemato- 
logic abnormalities have been demonstiable m 
both parents Several possible genetic mecha- 
nisms in the heredity of thalassemia have been 
suggested in the past The authois believe that 
it is most likely that thalassemia minoi is due 
i to lieteroz) gosity for a factor which when homo- 
' 7 -}gous results in thalassemia major The prob- 
es lem of the detection of the carrieis of thalassemia 

i ~ - 

123 Valentine, W N , and Neel, J V Hematologic 
and Genetic Stud} of the Transmission of Thalassemia 
(Loolej s Anemia, Mediterranean Anemia), Arch Int 
1 Med 74*185 (Sept) 1944 


and the differential diagnosis of the mild anemia 
aie discussed 

Voorlnes and Sloan 129 report the case of a 
20 veai old youth of Sicilian paientage, who 
was found, while serving in the United States 
Army, to have a mild foim of Meditei ranean 
anemia While he w as being ti eated for a poison 
iv) deimatitis, it was discovered that he w r as 
slightly icteiic and that his spleen was enlarged 
with the tip extending to the level of the umbili- 
cus Except for a tendency to have fiequent 
epistaxes, the inability to run because of pain 
m the upper left part of the abdomen and short- 
ness of breath on exertion, his general health 
had been good There was a moderate degiee 
of anemia present, and the red blood cells varied 
excessively in size and shajie Ten to 15 per 
cent of them were target cells Roentgenograms 
showed thickening of the calvanum and m other 
bones osteoporosis with widened trabeculae Coi- 
coran 127 observed the skeletal abnormalities char- 
acteiistic of en tin oblastic anemia in a loentgeno- 
gram of an 8 \eai old Italian bo) who had 
fiactuied his femui Further roentgen stud) 
showed the osseous changes to be generalized 
The fractured bone healed normalh Novak 12S 
discovered a number of dental abnormalities as 
well as prominent trabeculae m roentgenograms 
of the maxillar) and mandibulai bones of a 
child with eiytln oblastic, or Coolers, anemia 

TOXIC EITECTS 0T INDUSTRIAL POISONS 

A geneial aiticle discussing benzene as a toxic 
hazaid in industry is written by Browning 129 
She reiteiates that the extensive use of benzene 
m industry is largel) due to the fact that it is an 
excellent solvent foi many substances such as 
rubber, nitrocellulose, fat, oils and resins Un- 
fortunately, despite effoits to prevent toxic 
effects, they are not mfiequentl) obseived, 
especially m the neivous system and the bone 
marrow Hence benzene poisoning is a potential 
lisk to health wherevei the substance is used m 
significant amounts According to the author, 
there are two sepaiate fields of application of 
benzene m industry, each of which caines its 
own distinct, and to some extent different, risks 
to health The first is distillation of coal and 

126 Voorhies, N W, and Sloan, F R Mediter- 
lanean Anemia, JAMA 125 352 (June 3) 1944 

127 Corcoran, W J Erythroblastic Anemia, with 
Report of a Case m a Boy 8 Years Old, Radiology 43 
373, 1944 

128 Novak, A J The Oral Manifestations of 
Erythroblastic (Cooley’s) Anemia Case Report, Am 
J Orthodontics 30 539, 1944 

129 Browning, E Benzene as a Toxic Hazard to 
Industry, Brit J Phys Med 7 122, 1944 
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coal tai, in which the risk is chiefly that of acute 
poisoning 01 “gas ” This most frequently anses 
from accidental leakages oi breakages oi nom 
the failure of the worker to take full precautions 
when entering vats or tanks foi the pm pose of 
cleaning them The second is the use of ben- 
zene as a solvent or a diluent, as m the l ubbei 
and lacquer industries, airplane “doping” and 
manufacture of artificial leathei , in which the 
risk is mainly that of chronic poisoning, with its 
attendant symptoms and hematologic changes 
Benzene poisoning, therefore, results either fiom 
absorption from the skm or fiom inhalation, and 
it is imperative that contact by either of these 
loutes should be reduced to a safe level A diag- 
nosis of chionic benzene poisoning cannot be 
made on the evidence of symptoms alone, foi 
hematologic changes do not by any means al- 
ii ays run paiallel with the seventy of subjective 
symptoms nor are either the hematologic changes 
or the damage to the bone marrow invariably 
characteristic Although aplastic anemia is the 
most frequent outcome of seveie benzene poison- 
ing, there have been cases m which the final 
condition is that of leukemia, m which the bone 
mairow has been found after death in a state of 
hyperplasia or of combined hyperplasia and 
aplasia Accoidmg to the authoi, however, it is 
dear that the eaihest signs of benzene poisoning 
is a l eduction of those elements of the blood 


may ause in any susceptible peison with only 
moderately seveie exposure 

A repoi t of a case of fatal poisoning with 
benzene is given by Ackeily and Hawhck 130 
The patient was a man 35 yeais old, who was ex- 
posed to benzene as a lesult of rinsing glassware 
w ith it six to eight times a day This required ten 
to fifteen minutes foi each opei ation When the 
patient was admitted to the hospital, his hemo- 
globin content was 34 per cent, led blood cell 
count 1,550,000 pei cubic millimetei, with 3 7 
per cent reticulocytes, and white blood cell count 
3,450 pei cubic millimeter, with 10 pei cent stab 
foi ms, 40 per cent segmented forms and 50 per 
cent ly mphocytes The platelet count was 171,000 
pei cubic millimeter, bleeding time three minutes 
ten seconds and coagulation time three minutes 
forty -five seconds Despite all treatment, the pa- 
tient died Observations at necropsy showed, 
among other things, reduction in the total num- 
ber and irregularity in the distnbution of the 
myeloid elements The erythroblastic element-, 
were repiesented b\ r small clumps of dark-stam 
mg cells, chiefly noimoblasts Megakaryocytes 
weie numerous and n regulaily spaced, and there 
was pionounced variation in their size, shape anc 
nuclear configuration All the myeloid element 
weie piesent, but mature granulocytes were les 
numeious than normal 

A report on a patient m -whom thiombocyto 


stream which aie believed to provide the body pemc purpura due to benzene poisoning de 
with its powers of resistance to infection, namely, veloped is presented by Vaughan, 131 and th< 
the polymorphonuclear leukocytes Even though hteiature bearing on this subject is discussed 
the white blood cell count is 5,000 to 6,000 per He makes the point that depiessed production o 
cubic millimetei, the differential count of the platelets is a commonly associated phenomenoi 


stained smeai m affected patients will show 
change in the proportion of polymorphonuclear 
leukocytes, so that the total number of these cells 
is below 3,000 per cubic millimetei If the 
workers are removed fiom the exposure to ben- 
zene at this stage, there is eveiy reason to believe 
that the depressed bone maiiow will recover and 
that no peimanent ill effects will remain When 
the damage has piogressed to the stage of true 
aplastic anemia, blood transfusions and injections 
of pentnucleotide are sometimes successful, but 
if the degree of aplasia is extreme, no treatment 
seems to be efficacious The important obseiva- 
tion is emphasized that all persons who come into 
contact with benzene are not equally susceptible 
to its toxic effects Among a large number of 
workers who aie equally exposed for the same 
. rf tength of tune and to the same concentration, 
only' a few may have any symptoms of ill health 
or show any characteristic hematologic change 
On the other hand, extremely'' severe poisoning 


m benzene poisoning but that cases of thrombo- 
cytopenic purpura unassociated with sti iking 
changes in other marrow’’ elements are rarely 
found The patient ohseived by Vaughan was a 
woman 33 yeais of age, whose chief complaint 
was menorrhagia of nine months’ dm ation and 
purpura of sixteen months’ duration She was 
first seen by a surgeon, who performed a dilation 
and curettage and finally implanted a ladium 
bomb for eighteen hours A short time later the 
patient was admitted to the medical seivice of 
the hospital and showed the classic hematologic 
features of thrombocytopenic purpura The 
platelet count was 20,000 per cubic millimeter, 
bleeding time eighteen minutes, clotting time 
eleven minutes and clot retraction 47 per cent of 

loO Ackerly, R H , and Hawlick, G F Benzene 
(Benzol) Poisoning Report of a Fatal Case with 
Autopsy Findings, Rocky Mountain M J 41 402, 1944 

131 Vaughan, W T , Jr Thrombocytopenic Pur- 
pura Due to Benzol Poisoning, J Indust Hyg & Toxi- 
col 26 274, 1944 
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normal The tourniquet test lesulted m 159 
purpuric spots to the square inch with 10 spots 
in the control The prothrombin time was fifty- 
five seconds (the control was fort) -five seconds) 
and the ascorbic acid level was noimal Aspir- 
ation of steinal maiiow revealed an essentially 
normal marrow pictuie with no increase m 
megakaryocytes The patient leported that foi 
sixteen years between the ages of 14 and 31, she 
had worked m various shoe factoi les as a “cemen- 
ter ” At this time she handled all kinds of 
cement, which dned on hei hands in the course 
of her w'ork Just prioi to the fiist episode ot 
purpura, liowevei, the patient had teimmated a 
four month period of cementing in a facton 
reported not to be using benzene as a solvent 
Vaughan estimates that the intei val between 
exposure and the development of clinical symp- 
toms m his patient was approximately six to 
twelve months Whereas undoubtedl} benzene 
must be considered as an impoitant etiologic 
factor m the production of purpuia m this pa- 
tient, it is not proved bevond the question ot a 
doubt that it w r as the responsible cause The 
case emphasizes howevei, the care with w'hich 
the lnstor) must be taken m all cases of diseases 
of the blood which might be attributable to the 
effects of various industrial poisons oi toxins 
A furthei follow-up study of this patient would 
be of extreme interest, to learn whether some 
othei disease condition, such as a subleukemic 
leukemia or true idiopathic thrombocytopenic 
purpura, might develop 

Cone 13 - leview's the literatuie concerning the 
ettect of trinitrotoluene (TNT) on the blood and 
studied a group of workers exposed to this chemi- 
cal m a munitions mdustn \\ eekh blood 
counts u r eie pei formed on 17 woikers in intimate 
contact with trinitiotoluene foi eight w'eeks and 
then monthh tor an additional four months 
During the period of stud\ the trinitrotoluene 
concentration ot the air w'as detei mined and 
found to be consistenth below the proposed 
thi eshold le\ el ot 2 5 mg pei cubic metei 
ot air In all there w^as relative!) little change 
in the enthrocvte count during the investigation, 
and there w ere no changes in the size and shape 
of the red blood cells The hemoglobin level 
was not aftected Most ot the persons studied 
showed a transient initial rise of leukocvtes the 
count usualh caning fiom 11 000 to 12 000 per 
cubic millimeter and there w as a moderate 
eosinoplnla but m some instances the proportion 
of eosinophils w r as as high as 15 per cent The 


13_ Cone, T E, Jr Review of Effect of Triniti 
toluene (TNT) on Formed Elements of Blood, T ] 
dust H\g S. Toxicol '26 260 1944 


hematologic changes w T ere not accompanied with 
s)inptoms No other alterations w^ere noted in 
the formed elements of the blood 

Three fatal cases of trinitrotoluene poisoning 
aie leported by McNally 133 He reviews the 
literature and points out that trinitrotoluene ma\ 
gam entrance into the blood stream by absorption 
through the skin, lungs oi gastrointestinal tract 
Unless masks aie worn, fine dust and fumes will 
reach the mucous membranes of the nose and 
mouth and be swallowed with the saliva and 
mucous secietions There seems to be general 
agieement that the skin is the most important 
poital of entr) He states that the outstanding 
featmes of trinitiotoluene poisoning are the 
changes found in the blood, jaundice, degenera- 
tive hepatitis (the liver being reduced to one 
half of its normal weight) and the renal damage 
The hematologic changes are described as var\- 
mg consideiably, depending on the mtensit) of 
the exposure and the length of time the person 
has been employed on the particular job Some- 
times there is extensive anemia, with a hemo- 
globin content reported as low r as 28 per cent 
and a led blood cell count of 1,225,000 per 
cubic millimeter wnth a variation of the wdnte 
blood cells from 2,800 to 14 650 According to 
McNalK, tw'o theories have been advanced as to 
the ongm of the anemia Some investigators be- 
lieve the hepatic injury to be the primary souice 
wdnle others assume that the destruction of the 
red blood cells is the cause of the icteius and that 
it is theiefore of hemoljtic ongm 

4'he uses of tetrachloroetbane in mdustues 
associated with w r ai activities are described b\ 
Coyer 134 and 7 cases of poisoning with this 
chemical are described It is a colorless, mobile 
liquid wnth an odor resembling that of choloro- 
torm and carbon tetiachlonde is nonflammable 
and has been used as a solvent foi various sub- 
stances, such as cellulose acetate and nitrate 
resins w^axes, pitch and various othei materials 
It is the most toxic of the chloi mated hydrocar- 
bons and produces not onh a narcotic effect but 
piofound metabolic injuries, especially atrophy of 
the liver Reference to the original article should 
be made for details of the toxic effect The 
changes in the blood are not striking There 
usually is a moderate reduction m the red blood 
cell count, to the vicinity of about 3,500,000 led 
blood cells per cubic millimeter, a moderate in- 
crease of leukocytes, the count varying from 

133 McNalh, W D Three Deaths from TNT 
(Trinitrotoluene) Poisoning, Indust Med 13 491, 1944 

134 Cojer, H A Seven Cases of Tetrachloroethane 
Poisoning and Review of Several Cases Treated, Hahne- 
man Monthlj 79 230, 1944 
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11,000 to 13,000 per cubic millimeter and no 
other changes of importance in the blood 

It has been found by Van Loon and Clark 130 
that the administration of acetamlid up to 36 mg 
per kilogram per day over long intervals caused 
little or no abnormal hematologic changes in 
dogs Larger doses of the drug, however, pro- 
duced a hemolytic anemia but with no evidence 
of depression of the bone marrow Recovery 
was rapid and apparently complete on cessation 
of administration of the drug The same effect 
was produced by the administration of aceto- 
phenetidm, but quantitatively the drug is less 
active than acetamlid A temporary methemo- 
globinemia is produced by both drugs when cer- 
tain threshold doses are exceeded In the range 
of the dose employed, howevei , no accumulation 
of methemoglobm was observed m repeated daily 
administrations 


APLAS1IC ANEMIA 


A general discussion of aplastic anemia is 
given by Pearce, 130 in which he makes the fol- 
lowing main points First, in all cases of anemia 
in which the bone marrow shows signs of regen- 
eration there should be a thoiough search made 
for the offending agent and, if possible, it should 
be eradicated Second, not all the diagnostic 
criteria are present in ever}'’ case of early aplastic 
anemia, since depression of granulocyte oi 
thrombocyte formation may not develop until 
some time after depression of erythrocyte forma- 
tion He also properly emphasizes that even 
signs of regeneration of erythrocytes may be 
apparent at times as evidenced by a patchy con- 
dition of the marrow Third, he insists that 
treatment should be persistent It is his opinion 
that as long as there is life there is hope that a 
plastic or even aplastic marrow may ultimately 
become regenerative Fourth, he emphasizes 
that repeated blood transfusions are still the 
mam source of treatment but that manow trans- 
fusions should be given further trial We have 
observed spontaneous remissions in the course 
of idiopathic aplastic anemia, and we therefore 
agree that treatment should be persistent We 
have also seen, as x a result of one hundred and 
thirty-eight blood transfusions administered to 1 
patient over a course of eight j'ears, the develop- 
ment of hemochromatosis, presumably resulting 
from the injection of the iron contained m the 
hemoglobin of the transfusions This is a matter 
which should be kept in mind 


135 \ an Loon, E J , and Clark, B B Observation 
on Hematologic Actions of Acetamlid and Acetophene 
tidin in Dog, J Lab & Clm Med 29 942, 1944 

ni 36 Pear ce, R S Hypoplastic or Aplastic Anae 
nua, Memphis M J 19 51, 1944 


A patient with aplastic anemia is discussed 
by Halliday 137 in whom the characteristic blood 
picture was present This patient had been 
treated for sore throat with intravenous injec- 
tions of 2 1 Gm of a French preparation of 
neoarsphenamine Subsequently, owing to a 
recunence of the inflammation, the patient re- 
ceived several courses of sulfapyridme and sulfa- 
thiazole The red blood cell count was found, 
when determined for the first time after both 
forms of medication had been given, to be 
3,100,000 per cubic millimeter, the hemoglobin 
content was 8 2 Gm per hundred cubic centi- 
meteis, and the leukocytes numbered 2,700 per 
cubic millimeter, 5 per cent being neutrophils 
Blood platelets were “scanty ” The bleeding time 
was twenty minutes Hemolytic anemia lesultmg 
from the untow r ard effects of the sulfonamide 
drugs is also discussed by Halliday In general, 
he believes that the toxic reactions due to the 
sulfonamide compounds lesult from ( a ) ill 
considered administration, (b) careless manage- 
ment of the patient, (c) prolonged course of 
treatment (over ten days) and overdosage and 
( d ) allergic idiosyncrasy and sensitization In 
treating agianulocytosis, in addition to immediate 
withdrawal of the drug, he recommends lepeated 
blood transfusions and injections of sodium 
pentnucleotide In his opinion, the value of 
liver extiact and preparations of bone marrow' 
appears doubtful In treating patients with 
thrombocytopenic purpura due to sulfonamide 
compounds, the suspension of the use of the 
drug and repeated transfusions are recommended 
In treatment of hemolytic anemia, he favors re- 
peated blood transfusions and use of alkalis and 
later oral administration of iron 

Fatal bone marrow intoxication following ex- 
posure to trinitrotoluene is described by Hart 
and his associates 138 and by Eddy 130 The former 
report 4 cases and the latter reports 3, but appar- 
ently 1 case is included m both series All the 
patients were employed in munition plants The 
duration of exposure to trinitrotoluene varied 
from thirty days to eleven months One of the 
patients, a 26 year old man, reported on by Eddy, 
was employed m the shipping room of a bomb 
line, where there was no demonstrable trinitro- 
toluene in the air All the others m both senes 
were exposed to concentrations of the chemical 
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138 Hart, W L , Ley, E B , Scroggie, V D 
Johnson E A , and Eddy, J H Jr Report of Four 
Cases of Aplastic Anemia Occurring Among Munitions 
Workers, Indust Med 13 896, 1944 

139 Eddy, J H , Jr Aplastic Anemia Following 
Trinitrotoluene Exposures A Report of Three Cases, 
J A M A 125 1169 (Aug 26) 1944 
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ranging from 1 to 10 7 mg per cubic meter of 
air The clinical course was typical of myeloid 
aplasia, with anemia, hemorrhagic manifestations 
and intercurrent infection The duration of 
symptoms varied in different patients fiom about 
two weeks to seven months Therapy was of no 
avail, except for temporary benefit from blood 
transfusions, and death usually occuired as the 
result of hemorrhage or infection, although m 1 
case a contributing factor appeared to be reaction 
to blood transfusions with hemolysis and hepatic 
damage In all instances in which examinations 
of marrow were performed, a pronounced degree 
of hypoplasia was found affecting both the 
erythropoietic and the leukopoietic elements 
Although Hart and his associates state that “the 
most dependable laboratory finding indicative of 
toxic reaction is the reduction in the hemo- 
globin and red blood count,” it is our opinion that 
the leukocyte count and neutrophil percentage 
constitute an earlier and more sensitive index of 
marrow 7 intoxication 

Aplastic anemia complicating therapy with 
oxophenarsme hydiochloride foi syphilis is re- 
ported by Freeman 140 His case was that of a 
37 year old soldier who had received treatment 
with neoarsphenannne irregularly over a period 
of two years with several febrile reactions but 
no other toxic manifestations After an interval 
of approximately three months following the last 
injection of neoarsphenamine, tieatment with 
oxophenarsme hydrochloride was begun Aftei 
the tenth injection of the lattei drug purpura 
appeared, but, in spite of this, two more injec- 
tions weie given The patient died nineteen days 
after he had first noted the purpura Findings 
at necropsy included severe ulceroneciotic lesions 
throughout the mouth and uppei respiratoiy 
tract, multiple hemoirhages in skin, mucous 
membianes and serous membianes and bilateral 
lobular pneumonia There w r as aplasia of all 
cellular elements of the bone mairow Two othei 
previously repoited cases of aplastic anemia fol- 
lowing use of oxophenarsme hydrochloride aie 
re\ lewed 

The diagnosis of osteosclerotic anemia or the 
anemia associated with Albers- Schonberg dis- 
ease, is discussed by Binder and Riedl 141 m re- 
5 porting 2 cases The diagnosis was suspected 
j first in both instances when great difficult} w 7 as 
I encountered m doing sternal punctures The 

140 Freeman, H E Aplastic Anemia with Acute 
t Agranulocytosis, Thrombopenic Purpura and Comph- 
1 ^lapharsen Therapy Arch Dermat & Syph 50 

320 (Lov ) 1944 
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first patient was a 29 year old mason, who 
complained of weakness, shortness of breath and 
bleeding from his nose and gums for two months 
The liver and spleen were found to be slightly 
enlarged The hemoglobin content was 55 per 
cent, red blood cells 2,900,000, white blood cells 
7,000, hematocrit leading 24 and average cell 
volume 82 cubic microns The differential count 
included a few myelocytes and about 1 nucleated 
led blood cell for every 100 w'hite blood cells 
The reticulocytes were 55 per cent There was 
severe thrombopema A sternal puncture was 
impossible, since the needle broke in the attempt 
to penetrate the hard bone Roentgenograms 
w ere then obtained, which showed generalized m- 
ciease in skeletal density and bony sclerosis 
The patient finally died of a generalized tendency 
to bleeding Necropsy revealed generalized over- 
growth of bon} 7 and fibrous tissue, with oblitera- 
tion of the marrow cavity There was no definite 
evidence of extramedullary blood formation The 
second patient was a 42 year old man who had 
been w ealc and anemic for six months following a 
febrile illness Blood transfusions and injections 
ot liver extract had been of little benefit The 
erythrocyte count w 7 as 1,800,000, hemoglobin 
content 37 per cent, hematocrit reading 17 and 
average cell volume 94 cubic microns Ten pei 
cent of the white blood cells were myelocytes 
The reticulocyte percentage w 7 as 6 Sternal punc- 
ture w 7 as attempted but could not be done because 
of the dense bone Roentgenograms of the bones 
showed greatly increased density, thickening and 
sclerosis The patient improved after a series of 
blood transfusions 

TOXIC EFFECT Or THE SULFONAMIDE DRUGS 
INCLUDING AGRANULOCYTOSIS 

An informative and reliable article dealing with 
the toxicity of sulfonamide drugs is presented 
by Lyons and Van Harn 142 The authors cite 
statistics to show 7 that toxic manifestations, such 
as fever, rash, hemolytic anemia, leukopenia, 
agranulocytosis, hematuria, oliguria and hepatitis, 
are present m about 12 per cent of the patients 
leceivmg sulfanilamide, m 15 9 per cent receiving 
sulfapyndme, in 18 6 per cent 'receiving sulfatlna- 
zole and m 65 pei cent receiving sulfadiazine 
They state that experience with sulfamerazme 
and sulfamethazine is as yet insufficient to per- 
mit cleancut decisions concerning the incidence 
of toxicity of these drugs There is evidence to 
indicate, how r ever, that sulfamerazme has about 
the same toxicit} as sulfadiazine Their state- 

142 Lyons, R H, and Van Harn, R S Problems 
oi Toxicit> in Sulfonamide Therapy, J Oral Surg 2 
118,1944 
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ment in regard to the hematologic disorders 
which result from sulfonamide therapy may be 
summarized briefly as follows They emphasize 
that such disorders as agianulocytosis, acute 
hemolytic anemia and thrombopemc purpura are 
uncommon but exceedingly serious complications 
of this form of treatment They are encountered 
less often with sulfathiazole therapy than with 
sulfapyridme or sulfanilamide therapy, a point 
which we believe requires confirmation 

It is not clear whether these untoward results 
are due to hypersensitivity or whether in some 
cases they may be a result of direct toxic effect 
of the sulfonamide drugs According to Lyons 
and Van Harn, hemolytic anemia is most likely 
to occur from the third to the fifth day of treat- 
ment, and it appears to be an expression of an 
individual idiosyncrasy to the drug A more 
slowly developing anemia associated with hemol- 
ysis of the erythrocytes is not infrequently seen 
with sulfanilamide therapy and especially with 
sulfapyridme therapy, but it rarely occurs with 
sulfathiazole or sulfadiazine therapy It is usually 
not an important complication of treatment, since 
it can be easily controlled by transfusions 
It has been noted by the authors that thrombo- 
penic purpura has followed the use of sulfa- 
thiazole and sulfadiazine as well as the use of 
the earlier sulfonamide compounds They state 
that too few cases have been studied to be certain 
whethei this is the result of a direct toxic effect 
on the bone mairow or of an individual idio- 
syncrasy to the drug The authors point out 
that, m conti ast to acute hemolytic anemia and 
thrombopema, it is uncommon for leukopenia 01 
agranulocytosis to occur early m the course of 
sulfonamide therapy These complications most 
frequently develop between the fifteenth and 
twenty-fifth da}s of treatment In some cases 
readmmistration of the drug causes a recurrence 
of the agranulocytosis, but not m all instances 
They emphasize that there is a second type of 
> leukopenia in agranulocytosis, perhaps related to 
the lowering of the intestinal synthesis of essen- 
tial growth factors through the administration 
of succmylsulfathiazole or sulfaguanidme In 
animals this type of agranulocytosis is benefited 
b) the administration of a liver extract 

The toxic effects of sulfonamide drugs are 
discussed bj t an Dyke 113 m a symposium deal- 
ing with these drugs He emphasizes among 
other untow aid effects the frequency of leuko- 
penia and agianulocytosis He states that “prob- 
abl) there have been hundi eds of fatalities ” He 
believes that granulocytopenia or agranulocytosis 

143 Van D\ke, H B The Toxic Effects of the 
oulfonamides, Ann New York Acad Sc 44 477, 1943 


is usually observed in patients who receive large 
total doses of sulfonamide drugs over periods of 
eighteen to twenty-five days It is his opinion 
that the complication rarely appears earlier than 
twelve days after the beginning of treatment, 
which has also been borne out m our experience 
He cites the case of 1 patient reported on in 
the literature, who received 54 Gm of sulfanil- 
amide during nineteen days and of another who 
i eceived 44 Gm of the drug in twenty-five days 
before this complication appeared He recog- 
nizes that any one of the sulfonamide drugs 
may provoke granulocytopenia and agranulocy- 
tosis but that the appearance of the syndrome 
has been leported more frequently after the 
administration of sulfanilamide, perhaps because 
the total numbei of patients treated with this 
drug is greater than the number of patients 
treated with any other sulfonamide compound 
Van Dyke also discusses the occurrence of 
hemolytic anemia due to treatment with sulfon- 
amide drugs He believes that a diug like sulf- 
anilamide probably causes this change more 
frequently m children than m adults Hemolytic 
anemia may result from the use of sulfanilamide, 
sulfapyridme, sulfathiazole, sulfadiazine or di- 
ammodiphenylsulfone Rarely, m his opinion, 
does aplastic anemia develop from the use of 
these therapeutic agents He believes that per- 
haps as satisfactory a hypothesis as any relating 
to the cause of hemolytic anemia is the one that 
it results from increased fragility of the erythro- 
cytes, attributable to the oxidation products of 
the sulfonamide drugs It is also mentioned by 
Van Dyke that thrombopema with purpura is 
a lare complication of sulfonamide therapy, of 
which about half the reported cases have ter- 
minated fatally 

The toxic reactions in 1,936 patients treated 
with sulfathiazole, sulfadiazine, sulfapyrazme, 
sulfaguanidme and succmylsulfathiazole are re- 
ported by Vilter and Blankenhorn 144 Toxic re- 
actions were found to occur m 116 patients, 
an incidence of 6 per cent These untoward 
manifestations were usually of such severity as 
to compel the arrest of treatment Occasionally 
therapy could be resumed by changing to another 
drug, and this was most frequently done by sub- 
stituting sulfadiazine for sulfathiazole Death 
was ascribed solely to the toxic effects of these 
drugs in 4 instances (0 2 per cent), and in 
5 other patients it was certainly hastened by 
drug intoxication All fatal toxic reactions were 
mainly renal and resulted in uremia Altera- 

144 Vilter, C F, and Blankenhorn, M A The 
Toxic Reactions of the Newer Sulfonamides, TAMA 
126 691 (Nov 11) 1944 
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tions m the blood and bone marrow were noted 
1 1 times with the use of sulfathiazole, once with 
sulfapyrazine and not at all with sulfadiazine 
Of the patients who received sulfathiazole, hemo- 
lytic anemia developed in 4, leukopenia in 5 and 
agranulocytosis in 2 All patients recovered 
In 1 patient who received sulfapyrazine leuko- 
penia developed In a discussion of this article, 
Dr S L Bernstein, of Cleveland, warns against 
prescribing sulfonamide drugs to ambulatory pa- 
tients He remarked that he had given a man 
aged 60 a small dose of sulfanilamide for septic 
sore throat The patient received a total of 
20 grams (13 Gm ) with alkali for three days, 
and agranulocytosis developed, from which he 
recovered This seems to be a small amount 
of sulfanilamide to be responsible for the develop- 
ment of agranulocytosis, especially if the patient 
had not previously received the drug 

In reviewing the type and frequency of reac- 
tions in 186 cases of sulfonamide intoxication, 
it was noted by Frist 143 that leukopenia occurred 
in 2 of 33 patients given sulfanilamide, 2 of 16 
patients given sulfapyndme and 2 of 71 patients 
given sulfathiazole A “secondary anemia” oc- 
curred m 5 patients of the 33 receiving sulfanil- 
amide, 1 of the 16 receiving sulfapyndme, 2 of 
the 60 receiving sulfadiazine and in 4 of the 
71 receiving sulfathiazole In a total of 186 
cases, therefore, there were 12 cases of “secon- 
dary anemia” and 6 cases of leukopenia 

Kracke, 146 in discussing hematologic problems 
before the Section on General Practice of the 
Southern Medical Association m November 1943, 
stated that an “occasional patient” may show a 
depression of the bone marrow from the action 
of sulfonamide drugs to the extent that the white 
blood cell count is extremely diminished and 
that the condition of agranulocytosis may sub- 
sequently develop He also stated that he had 
seen 6 patients in whom there had been a pro- 
nounced thrombopema following the use of these 
drugs He regarded this as a serious clinical 
problem, since 4 of his patients died from result- 
■ mg uncontrollable hemorrhages 

A study of the toxic reactions which occurred 
in 1,357 hospital patients treated with sulfa- 
diazine orally or sodium sulfadiazine intrave- 
nously is reported by Plummer and Wheeler 147 

145 Frist, T F Reactions to Sulfonamide Com- 
pounds Review of One Hundred and Eighty-Six 
Cases, War Med 5 150 (March) 1944 
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Of this entire group, a definite drop in the num- 
ber of w lute blood cells below 3,000 per cubic 
millimeter or in the percentage of [granulocytes 
below 35 was observed in only 6 patients, but 
in none of these did the total white blood cell 
count fall below 2,000 per cubic millimeter or the 
percentage of granulocytes below 10 There 
were no changes in the red blood cells observed 
In 1 of the surgical patients, however, a fatal 
thrombopema occurred after six days of treat- 
ment with sulfadiazine m a dose of 6 Gm daily 
This was the only fatal toxic reaction in the 
group 

Three fatal cases of streptococcic infection 
treated with sulfadiazine are reported by Gee- 
ver, 118 with complete autopsy observations 
There were no changes m the peripheral blood 
or bone marrow observed in the patients A 
good point is emphasized by Geever, however, 
with which we aie in complete accord, namely, 
that if a decision to continue the use of the drug 
in treatment of any patient in whom a cutaneous 
eiuption develops during sulfadiazine treatment 
is made, then toxic effects should be expected 
and weighed against any possible beneficial in- 
fluence on the original infection In other words, 
the presence of a cutaneous eruption is a definite 
warning that subsequent important complications, 
of which agranulocytosis is the most serious, may 
be observed if the medication is continued 

Three fatalities following the use of sulfonamide 
drugs are reported by Gessler, 149 and a review 
is given of 30 additional cases, with necropsies, 
which were reported m the literature In 5 of 
the 30 cases, agranulocytosis was a complicating 
factor, twice being due to the use of sulfathia- 
zole, twice to sulfapyndme and once to sulfanil- 
amide In no case reported in this group did 
the complication follow the use of sulfadiazine 
In most instances the dose v r as 6 Gm per 
twenty-four hours , the average daily dose never 
exceeded 10 Gm From his study the author ^ 
concludes that uremia and agranulocytosis are 
the most frequent lethal complications Sulfa- 
thiazole, according to him, has more chance of 
causing urinary complications than have other 
drugs He states that the microscopic picture 
of the bone marrow m cases of agranulocytosis 
due to sulfonamide intoxication is usually that 
of arrest of cell maturation He quotes, how- 
ever, from the article by Lederer and Rosen- 

148 Geever, E F Pathologic Changes in Sulfadia- 
zine Intoxication, Am J M Sc 207 331, 1944 
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blatt, 150 m which reference is made to the oc- 
currence of areas of focal neciosis m the bone 
marrow, which were similar to the focal necrotic 
areas seen in other organs The patients m 
these cases, however, did not have agranulocy- 
tosis It is the opinion of Gesslei that the lesions 
of focal necrosis, agranulocytosis and periai- 
teritis nodosa may all be due to a combination 
of biochemical, pharmacologic and allergic leac- 
tions 

A general discussion is given of the favorable 
effects of sulfonamide compounds, and refei- 
ence is made to the little understood mechanism 
of the toxicity of these drugs It is stated that 
the toxic phenomena are related to the concen- 
tration of the sulfonamide compounds m the 
blood and the duration of treatment with them 
but that these phenomena may occur m the 
absence of excessive blood concentration or pro- 
longed therapy Hence, these are not the sole 
factors To say that the toxic reactions are due 
to an idiosyncrasy is “begging the question,” 
since so little is known relative to abeirant drug 
lesponses In the opinion of the authors, sensi- 
tization appears to assume a role m some cases 
They also emphasize the recent work indicating 
that the less absorbable sulfonamide compounds 
may cause vitamin deficiencies by decreasing the 
number of bacteria in the intestinal tract 
Hodges 151 reports observations on the prophy- 
lactic use of sulfadiazine against streptococcic 
and pneumococcic infections m an Army Air 
Force Technical School One gram a day of 
sulfadiazine was given over a peiiod of several 
weeks and in some instances 2 Gm on two con- 
secutive days once a week He concludes that 
beneficial effects were attained against beta- 
hemolytic streptococcus infections, scarlet fever, 
streptococcic sore throat and pneumococcic infec- 
tions It is of interest that no serious untoward 
reactions occurred No renal symptoms and no 
depression of the blood cells were reported 
Lee 102 reports the reactions following the mas- 
sive administration of sulfadiazine to 25,000 men 
a nd women as a prophylactic against pneumo- 
coccic, streptococcic and memngococcic infections 
A total of 2 Gm of sulfadiazine was given 
He reports that 0 50 per cent showed “reac- 
tions,” 0 036 per cent showed “serious reactions” 

150 Lederer, M , and Rosenblatt, P Death During 
Sulfathiazole Therapy, JAMA 119 8 (May 2) 

Hodges, R G The Use of Sulfadiazine as a 
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gland J Med 231 817, 1944 
152 Lee, R V Reactions Following Mass Admim- 
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and 3 patients weie “critically ill” No cases j 
of agi anulocytosis were observed It is of in- i 
terest to note that most of the seriously ill 
patients gave a history of previous administra- 
tion of sulfonamide drugs, with reactions While 
it is doubtful in our minds that the administra- 
tion of a single dose of 2 Gm of sulfadiazine 
would be productive of agranulocytosis, never- 
theless it is a remote possibility which cannot 
be excluded iri this leport, as blood counts were 
not given How ever, this clinical syndrome did 
not appear 

The comparative toxicity of sulfadiazine and 
sulfathiazole in children was studied by Downe 
and Abramson 153 It is interesting to note that 
the commonest toxic effect was a fall in the 
polymorphonucleai cell count below 3,000 cells 
per cubic millimeter This occurred in about 
40 per cent of the patients in each series, with 
no great difference between the action of the 
two drugs They note that this rate of occur- 
rence of leukopenia is about ten times that 
repoited in any other series, which leads them 
to believe that the incidence of granulocytopenia 
is much gi eater in children than m adults It 
is their opinion that a fall in the polymorpho- 
nuclear cell count below normal levels does not 
necessanly indicate that agranulocytosis will de- 
velop, and no such complication was observed 
in their series In patients for whom use of the 
drug was continued despite granulocytopenia, 
the blood counts rose slowly to normal The 
authors caution, however, that except in case 
of the most serious infections the drug should be 
stopped when theie are less than 1,000 poly- 
morphonuclear cells per cubic millimeter No 
correlation was discovered between the incidence 
of granulocytopenia and the daily dose of the 
drug, the total dose or the length of time of ad- 
ministration of the drug They conclude that 
this toxic effect is due to obscure variable factors 
In studying the effects of succmylsulfathiazole 
on 45 patients, it has been found by Archer and 
Lehman 104 that the only unfavorable occurrence 
was a hemorrhagic cutaneous eruption which 
was seen m a pafaeat who had previously re- 
ceived sulfathiazole They state that the rash 
did not progress while the administration of the 
drug was continued and cleared up promptly 
when the drug was withheld There were no 
changes m the blood picture in any of the 
patients 


-Downe, J U, and Abramson, M H Compar- 
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Page 165 has reported on the treatment of 520 
patients with acute bacillary dysentery with sulfa- 
guamdine during a five week period ending June 
28, 1943, m Northwest Africa During this 
time the patients weie given a ten day course of 
sulfaguamdme, averaging a total dose of 130 Gm 
He reports that there were no deaths or serious 
complications and that close observation of the 
blood revealed no anemias or leukopenias 
The important practical point concerning the 
possibility that a person may be sensitive to a 
number of sulfonamide drugs is discussed by 
Park 156 He reviews the literature which sug- 
gests that there may be either single or multiple 
sensitivity to such drugs when they are given 
internally or as determined by cutaneous tests 
The author studied 40 cases of both internal and 
eczematous allergy by cutaneous tests and with 
oral medication with various sulfonamide drugs 
and related compounds, ‘sulfanihc acid and pro- 
caine He concluded that in 60 per cent of 
the cases the allergy was confined to one sulfon- 
amide drug, whereas in 40 per cent it occurred 
to multiple sulfonamide drugs and to sulfanihc 
acid He claims that the sensitivity of about 
half the patients who had multiple sensitivity 
was due to reaction to the sulfonamide radical 
(NH 2 C 0 H 4 SO 2 ) Of the other half it was to 
the aminophenyl radical (NH 2 C 6 H 4 ), reac- 
tions also occurring to procaine No cases were 
observed m which there was evidence of sensi- 
tization to still smaller groups than these 

A case of agranulocytosis following the admin- 
istration of sulfapyridme is reported by Park, 
and a discussion of the mechanism responsible 
for the reduction in the neutrophils is given 
After an examination of the reported cases of 
, neutropenia from other drugs, Park states the 
opinion that all such cases are based on allergic 
responses He also believes that other toxic 
effects of the sulfonamide drugs are probably 
on the same basis It is his opinion that as a 
working rule chemotherapy should not be pro- 
longed beyond the period of one week, since it 
may induce a dangerous form of drug allergy 
Furthermore, most amenable infections respond 
within a few days, and longer administration is 
seldom necessary It is his belief that sensitivity 
develops gradually, the first indications being 
a depression of the neutrophils m the blood Fol- 
lowing this there are constitutional symptoms, 
such as malaise and headache, which may go 
unnoticed in a patient already ill from the acute 

155 Page, S G Sulfaguamdme m Treatment of 
Acute Bacillary Dysentery Study of Five Hundred 
and Twenty Cases, Virginia M Monthly 70 561, 1943 

156 Park, R, G Pathogenesis of Sulfonamide Neu- 
tropenia, Lancet 1 401, 1944 


infection With the complete disappearance of 
the neutrophils, the alaimmg syndrome of agran- 
ulocytosis suddenly appears If sulfonamide 
therapy for longer than one week is necessaiy, 
then daily leukocyte counts should be made, and 
at the first sign of neutropenia the drug should 
be stopped and its elimination encouraged by 
promoting diuresis He is unable to say how 
long this alleged allergic state persists, but it lasts 
perhaps for a period of several weeks if it is 
on the same basis as sulfonamide eruptions 
Until this point is cleared up, however, he 
cautions that a victim of neutropenia requiring 
a sulfonamide compound subsequently should be 
given it in ascending doses with extreme caution 

A case of acute and fatal agranulocytosis with 
toxic dermal lesions produced by the therapeutic 
use of sulfathiazole m an infant 8 weeks old is 
reported by Kato, Sheiman and Cannon 157 At 
the time of this report no other cases of agran- 
ulocytosis in infants following sulfathiazole medi- 
cation had been recorded, although instances 
of extieme gianulocytopema m children due to 
other members of the sulfonamide group had been 
observed In this case, a total of 4 153 Gm of 
sulfathiazole was given over a penod of five 
weeks with frequent intei ruptions At the end 
of this time the classic manifestations of agranu- 
locytosis developed, which terminated fatally 
These observations were confirmed by autopsy 

A case of a 22 year old white woman in whom 
agranulocytosis developed after she had received 
sulfadiazine and who recovered is reported by 
Meyer 158 This patient received 44 Gm of 
sulfathiazole as treatment for osteomyelitis of 
the terminal phalanx The drug was discon- 
tinued because fever and a rash developed The 
white blood cell count at this time was normal 
Two days later the patient was given 1 Gm of 
sulfadiazine every four hours, and aftei she had 
received 72 Gm of this drug the white blood cell 
count was found to be 3,000 per cubic millimeter 
A differential count showed 1 per cent segmented 
forms, 1 per cent stab forms, 3 per cent basophils 
and 95 per cent lymphocytes The hemoglobin 
content was 85 per cent The lesions of the 
mucous membranes characteristic of agranulo- 
cytosis appeared Recovery followed the use 
of pentnucleotide, liver extract, blood transfusion 
and high intake of vitamin C 

157 Kato, K , Sherman, M S , and Cannon, P R 
Fatal Agranulocytosis Following Sulfathiazole Therapy 
Report of Infant with Toxic Dermatosis, J Pediat 22* 
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The case of an 18 year old youth in whom 
agranulocytosis developed aftei he had receive 
31 Gm of sulfadiazine over a period of twenty- 
eieht days because of an infection of the uppei 
respiratory tract is reported by Blue 159 Tie 
drug was discontinued when a sore throat, en- 
larged lymph nodes, cough and evidence of 
bronchopneumonia in the right side of the thorax 
appeared His white blood cell count was found 
to be 1,950 per cubic millimeter, with 97 per 
cent lymphocytes and 3 per cent monocytes 
Treatment was with repeated blood transfusions 
and pentnucleotide The patient recovered, de- 
spite the fact that dui mg the course of his illness 
he had acute catarrhal fever, lobai pneumonia, 
agranulocytic angina, acute myocarditis, acute 
otitis media, cervical adenitis and pyelonephritis 
The case of a patient 25 years of age in whom 
classic evidences of agranulocytosis developed 
after the administration of sulfadiazine is re- 
ported by Weinberg 100 After leceivmg 102 Gm 
of sulfadiazine orally foi a period of twenty days, 
this patient had a complete absence of granulo- 
cytes in the circulating blood and the white blood 
cell count fell as low as 900 cells per cubic 
millimeter The red blood cell count was not 
affected With the discontinuance of the drug 
and administration of liver extract, pentnucleo- 
tide and multiple blood transfusions, the patient 
recovered from this complication but succumbed 
to subacute bacterial endocarditis, which was 
superimposed on rheumatic heart disease It is 
of interest to note that after the patient recovered 
from agranulocytosis, sulfathiazole was given 
over a period of twenty-one days and ammo- 
pyrine for an interval of almost two months with- 
out a depiession m the leukocyte count Hettig 
and Sturgis have previously stressed the possible 
etiologic significance of a vitamin deficiency m 
agranulocytosis 101 It is of interest to note that 
the patient had lost a total of 33 pounds ( 15 Kg ) 
m weight in four weeks just prior to the onset 
of the agranulocytosis There is no indication 
in the report that the patient had a vitamin de- 
ficiency, but the loss of such a large amount of 
weight suggests this as a possibility 
The first case of agranulocytosis following the 
administration of sulfamerazme is added to the 
literature by Favorite, Reiner and London 162 


The patient was a white man 51 years of age 
who was given 42 Gm of sulfamei azme over a 
penod of twenty-thiee days for acute pharyn- 
gitis The white blood cell count dropped as 
low as 600, and theie was at times a total absence 
of all granulocytes Theie were no important 
changes m the red blood cell count, hemoglobin 
content or platelets The patient was treated 
with pentnucleotide and livei extract m large 
doses, but the authors propeily conclude that it 
is impossible to say whether its administration 
influenced the course of the disease favorably 
Improvement followed five days after these drugs 
weie first given and six days after the discon- 
tinuance of sulfamei azme As fai as we know, 
no other cases of agi anulocytosis have been 
leported as due to sulfamerazme 

The case of a man aged 42, m whom acute 
agi anulocytosis developed thnteen days after a 
laparotomy for gastric ulcer was performed, is 
l eported 103 At the tune of the operation 5 Gm 
of sulfanilamide crystals was scatteied along the 
suture lines and ovei the aiea of resection be- 
cause of presumed contamination Thirteen days 
later the white blood cell count was 2,700 per 
cubic millimeter and there was a decided increase 
m the number of nonsegmented forms of neu- 
tiophilic leukocytes Aftei an interval of four 
moie days, that is, seventeen days aftei the 
opeiation, the granulocytes had almost disap- 
peared, and they remained noticeably decreased 
until the patient’s death, nineteen days after the 
operation The patient received no additional 
sulfanilamide or any other drugs which might 
have caused the condition So far as we are 
aware, this is the first reported instance in which 
agranulocytosis has been observed to follow the 
local or topical application of one of the sulfon- 
amide drugs 

The first case m the literature, as far as we 
know, of agranulocytosis following the use of 
sulfaguamdme is reported by Grant 104 The pa- 
tient was a 15 year old girl, who was given 
the drug for the treatment of Shigella paradysen- 
teriae Sonne infection After she received 25 2 
Gm , with resultant improvement, the therapy 
was discontinued for an interval of six days and 
then resumed on account of a recurrence of 
symptoms until 15 Gm more had been admm- 
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jstered At this time it was discontinued on 
account of a febrile response The following day 
the white blood cell count was found to be 4,100 
pei cubic millimeter, with 38 per cent neutro- 
phils , a day later the count was 2,000 per cubic 
millimeter, with only 10 pei cent neutrophils 
The patient recovered after the discontinuance 
of the drug and the use of pentnucleotide The 
authoi states that the Medical Research Council 
Memorandum 1943 b emphasizes the fact that 
two thirds of the amount of sulfaguanidme ad- 
mmisteied orally is absorbed before the ileocecal 
valve is reached He cites Firor and Poth 105 as 
stating that the relatively low concentrations of 
this drug m the blood ai e due in far greater mea- 
suie to rapid elimination in the urme than to 
pooi absorption from the intestine He con- 
siders, therefore, that the possibility of agranu- 
locytosis resulting from the administiation of 
sulfaguanidme merits attention 

It is stated by Sherlock and White 100 that 
the literature contains recoids of only 18 cases 
of purpura in association with sulfonamide ad- 
ministiation They give the details of a case as 
follows A man aged 52 was treated with sulfa- 
pyudme for pneumonia He received 30 Gm 
in seven days, after which his tempeiature fell 
to normal and the drug was discontinued On 
account of a second rise in temperature, he was 
given 4 5 Gm during the next five days Fever 
appeared after each dose of sulfapyridine Ex- 
tensive evidences of purpura developed, with 
bleeding from the nose and gums and the vomit- 
ing of blood as well as with a purpuric eruption 
The hemoglobin content was 47 pei cent , the 
- led blood cell count was 2,500,000 pei cubic 
millimeter, leukocytes 10,000 per cubic milli- 
meter, platelets 150,000 pei cubic millimeter, 
bleeding time thirty-six and one-half minutes, 
coagulation time twenty-seven minutes and clot 
letraction m one hour was 19 per cent, whereas 
the normal is regarded as 44 to 66 per cent 
The capillary resistance test by positive pressure 
method indicated a decided mciease in fragility 
. Sternal mariow showed that megakaryocytes 
weie present (04 pel cent), and these appeared 
normal The patient died, and just before death 
it was observed that his blood pressure was 
260 systolic and 140 diastolic and that the plasma 
urea content was 214 mg per hundred cubic 
centimeters It was considered that the recent 
hemorrhagic changes m the kidney were re- 

< 165 Firor, W M , and Poth, E J Intestinal Anti- 
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sponsible for the impairment of renal function 
In addition the authors point out that gastro- 
intestinal hemorrhage could play a part m pro- 
ducing azotemia It was concluded that the 
hemorrhagic state in their patient was, therefore, 
probably the cause rather than the result of the 
uienua They emphasize the importance of the 
capillanes m the pathogenesis of the purpura 
and state that m the 7 recorded cases of pur- 
pura following sulfonamide therapy in which the 
resistance of the capillanes was tested an ex- 
treme fragility was noted In 4 of the reported 
cases, including their own, the platelet count, 
although low, had not been reduced to the level 
usually associated \\ ith bleeding in essential 
thrombopemc purpura They state that in the 
leported cases no member of the sulfonamide 
gioup of diugs seemed exempt as a causative 
agent, and sulfanilamide, sulfapyridine, sulfa- 
thiazole and sulfadiazine have all been held 
lesponsible The high mortality of this condi- 
tion, as indicated by a fatal termination in 8 
of the 9 cases, makes early recognition essential 
In then opinion the first clinical sign is nearly 
always epistaxis They believe that adequate 
transfusion of fiesh blood is probably the best 
type of treatment 

The literature in reference to the occurrence of 
thiombopemc purpura following sulfonamide 
theiapy is reviewed briefly by Bnllmger, 107 and a 
case lepoit is piesented At the time the article 
was written he stated that there were 18 cases of 
thrombopemc purpura following the administra- 
tion of various sulfonamide drugs reported in 
the liteiatuie These include cases of purpura 
following the use of sulfanilamide, azosulfamide, 
sulfapyridine, sulfathiazole and sulfadiazine He 
emphasized particularly that m all but 3 of these 
cases the purpuric reaction occurred while the 
di ug was being given or at least on the day aftei 
it was discontinued The longest interval 
between the cessation of use of the drug and the 
appearance of the puipura was eleven days 
Two of the three delayed leactions followed 
administration of sulfathiazole His own patient 
was a healthy man 29 yeai s of age who previously 
had not been ill He was treated with 360 grains 
(23 3 Gm ) of sulfathiazole ovei a period of five 
days, at which tune the use of sulfathiazole was 
discontinued because of albuminuria with manv 
sulfonamide ciystals m the mine The purpura 
appealed foi the fiist time on the eighteenth day, 
some thnteen days aftei the cessation of the 
medication This was accompanied with a high 
leukocyte count and by a decidedly leukemoid 

167 Brilhnger, HR A Case of Delayed Thrombo- 
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blood picture It is stated that the lowest platelet 
count was 110,000 per cubic millimeter , the bleed- 
ing time was three minutes and the clotting time 
eleven minutes The patient lecovered com- 
pletely alter two small transfusions of citrated 
blood 

Meyer 108 states that in the literatuie theie are __ 
2 previous repoits of thrombopemc purpura de- 
\ eloping from the use of sulfadiazine These aie 
leported by Kracke and Townsend 109 and by Gor- 
ham and others 170 The patient lepoited on by 
Meyer was a 7 yeai old boy who became ill with 
chickenpox and in whom impetiginous lesions 
subsequently developed Sulfatluazole ointment 
for local application was piescnbed, and sulfadi- 
azine was given amounting to a total of 4 5 Gm 
in one and one-lialf da) s, at which time puipuric 
spots were noted about the knees and buttocks 
An additional 3 Gm w r as administered m two and 
one-half days, at the end of which tune the urine 
became bloody , after a total of 9 Gm had been 
given, the hematuria became so pionounced that 
the child was hospitalized There were purpuric 
spots ovei the entire body The hemoglobin 
content was 23 per cent with 1,433,000 red blood 
cells per cubic millimetei, platelets 20,000 pel 
cubic millimeter and white blood cells 23,850 pei 
cubic millimeter, with 85 per cent segmented 
neutrophils Bleeding time was forty-five min- 
utes and the clotting time six minutes, with little 
leti action after eighteen horns The reaction to 
the tourniquet test was stiongly positive The 
mine was grossly bloody The patient was 
given transfusions with a total of 1,750 cc of 
blood m units of 300 cc Tw 7 o weeks after lus 
admission to the hospital the bleeding time was 
one and one-half minutes, the platelet count 
139,000 per cubic millimeter, the hemoglobin 
content 89 per cent and the urine normal The 
patient made a complete recorety 
Reference is made by Latven and Welch 171 to 
-> the previous work of Richardson, 172 who repoited 
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that m mice hemolytic anemia of vanable inten- 
sity develops within a period of two weeks when 
sulfanilamide, sulfaguanidme, sulfapyridme oi 
sulfatluazole is mcoiporated m a stock ration 
The potentiality of each of these sulfonamide 
compounds foi the production of hemolytic 
anemia was related by Richaidson to the con- 
centration of the compound within the erythio- 
cytes Latven and Welch have studied the 
hemolytic anemia-producing properties of sulfa- 
pyridme, sulfamerazme and sulfadiazine, which 
have been evaluated m mice This evaluation 
has been accomplished by detei mining the per- 
centage incidence of anemia produced by various 
concentiations of sulfonamide compounds m the 
blood They found that the concentration of 
sulfonamide compounds m the blood necessary to 
produce a 50 per cent incidence of anemia m nnce 
was as follows with sulfapyridme 2 8 mg , with 
sulfadiazine 33 mg and with sulfamerazme 31 
mg per hundred cubic centimeters They con- 
clude that a large number of cases will be 
required to prove conclusively that m human 
beings, as m mice, sulfadiazine is decidedly less 
productive of hemolytic anemia than are sulfa- 
thiazole and sulfapyridme 

A case of acute hemolytic anemia following the 
administration of 39 Gm of sulfadiazine to a 
patient with bronchopneumonia for a period 
of nine days is reported by Layne and 
Schemm 173 The anemia m this patient became 
veiy severe, as the hemoglobin content was 3 75 
Gm pei hundred cubic centimeters (24 per cent) 
and the red blood cell count 1,270,000 per cubic 
millimeter The authors point out that improve- 
ment m the patient’s anemia occurred coincident- 
ally with the administration of 90 units of hvei 
extract on two successive days They recognize 
that this may have played no i ole m the patient’*; 
lecovery Some evidence has been offered, how- 
ever, to suggest that liver extract is effective m 
correcting the granulocytopenia and the anemia 
m rats fed various sulfonamide drugs They 
conclude that this form of therapy may haic 
contributed to the patient’s recover) 

AGRANULOCYTOSIS DUE TO VARIOUS CAUSES 

Tlnonracil — In a comprehensive article on 
the use of thiouracil in the treatment of hypei- 

172 Richardson, A P Comparative Effects of Sul- 
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thyroidism, Astwood 174 discusses the various 
toxic complications which may develop during 
the course of the therapy Accoidmg to him the 
most serious one is agranulocytosis, and he 
reports 2 cases m detail In 1 the patient was 
given the excessive dose of 2 Gm daily and 
recovered after the omission of the drug It is 
of interest that the same patient subsequently 
experienced a febrile reaction to sulfathiazole 
given while he had a scarlatmiform eruption fol- 
lowing the administration of phenobarbital Ast- 
wood suggests, therefore, the possibility that per- 
sons in whom allergic reactions readily develop 
are more likely to become sensitized to thiouracil 
Another patient, who had received 0 6 Gm of 
thiouracil for sixty-two days and 0 3 Gm for an 
additional thirty-one days, had a streptococcic 
infection of the finger on the eighty-fifth day but 
did not return to the clinic for a week In that 
interval she had received 4 Gm of sulfamerazme 
daily for three days and 3 Gm daily thereafter 
When first determined, the total white blood cell 
count was 2,000, of which 5 per cent were 
granulocytes Discontinuance of both the thiou- 
racil and the sulfonamide therapy, with local 
treatment of the digital infection and of the 
ulcerative stomatitis and pharyngitis, was fol- 
lowed by complete lecovery The differential 
count became normal within ten days It is im- 
possible in this case to determine to what degiee 
thiouracil, sulfamerazme and the infection may 
each have contributed to the leukopenia Ast- 
wood also states that had the patient been under 
more careful observation the complication might 
have been detected before reaching an alarming 
degree of severity A number of instances of 
leukopenia of varying degree occurred in the 
cases m his series Although the total leukocyte 
count fell to 3,000 or 4,000 per cubic millimeter 
or less on some occasions, it subsequently rose m 
spite of the fact that the drug was continued 
In Astwood’s opinion “it is uncertain” whether 
or not all these mild leukopenias are due to the 
drug He states that about 10 per cent of all 
patients who receive thiouracil will have toxic 
manifestations, either febrile or in association 
with a leukopenia The best indications of im- 
pending danger of toxic reactions, he believes, are 
the subjective sensations of the patient and the 
body temperature Frequent leukocyte counts, 
while helpful, apparently are not as lehable as 
clinical symptoms m indicating the early onset of 
serious complications Serious side effects can 
probably be avoided if the patients are instructed 

174 Astwood, E B Thiouracil Treatment in Hyper- 
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to seek medical advice as soon as abnormal 
symptoms are experienced 
Williams and Clute 175 reported the effect of 
thiouracil on 72 patients, including a continuation 
of the study of 9 patients previously reported 
by Williams and Bissell 170 The most serious 
complication encounteied was leukopenia with 
agranulocytosis, which occurred in 1 patient 
This occurred at the end of six weeks of treat- 
ment, during which time the patient had received 
0 6 Gm of thiouracil daily for the first two 
weeks, 0 4 Gm daily for the next two weeks and 
0 2 Gm daily for the last two weeks The leuko- 
cyte count was determined when the patient com- 
plained of an infected finger and fever Treat- 
ment consisted of pentnucleotide and large doses 
of crude liver extiact Complete recovery oc- 
cuired, although for a period of seven days only 
a few granulocytes were present in the circulating 
blood In another case the white blood cell count 
dropped to 3,200 with 20 per cent granulocytes 
only a few days after treatment with thiouracil 
was begun Despite continued therapy the white 
blood cell count leturned to normal and the 
granulocytes rose 50 per cent Subsequently 
the patient took thiouracil for more than six 
months and remained in good health Leukopenia 
and gianulocytopema were seen in some other 
cases, but the incidence was apparently no greatei 
than that observed in untreated thyrotoxic pa- 
tients These authois conclude that of the various 
complications encounteied thus far the only one 
to cause appreciable concern is agranulocytosis 
In the review of the action of antithyroid 
drugs, with particular reference to thiouracil, 
Williams 177 has this to say m regard to the toxic 
actions of thiouracil According to him, 
such untoward effects are to be anticipated in 
about 10 pei cent of the patients, most of the 
complications have appealed m the first five 
weeks of treatment These have consisted of 
fever, morbilliform lash, urticaria, arthritis, 
vomiting, dial rhea, enlargement of the submaxil- . 
lary salivary glands, edema of the legs, lymph- 
adenopathy, leukopenia and agranulocytosis In 
his opinion, the last of these is the only serious 
toxic reaction At the time his article was writ- 
ten only 2 cases of toxic reaction to thiouracil 
with death due to agranulocytosis had been le- 
ported, but Williams states that he has knowl- 

175 Williams, R H , and Clute, H M Thiouracil 
in the Treatment of Thyrotoxicosis, New England J 
Med 230 657, 1944 

176 Williams, R H , and Bissell, G W Thiouracil 
in the Treatment of Thyrotoxicosis, New England J 
Med 229 97, 1943 

177 Williams, R H Antithyroid Drugs, with Par- 
ticular Reference to Thiouracil, Arch Int Med 74 479 
(Dec) 1944 
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edge o if several other cases which have not been 
published Of 170 patients he has treated, 2 have 
had agranulocytosis Undoubtedly other patients 
do not have the outspoken syndrome of agranulo- 
cytosis but do have an important leukopenia, 
which is an indication that the patient’s treatment 
should be stopped or continued under careful 
supervision According to Williams, except for 
fever, arthritis and leukopenia, the complications 
have been observed to disappear when the dosage 
of thiouracil was reduced 
The case of a 44 year old woman with exoph- 
thalmic goiter of one year’s duration who re- 
ceived thiourea and in whom purpura devel- 
oped is reported by Newcomb and Deane 178 
Thiourea m a dosage of 1 Gm three times a day 
was given for three weeks Ten days after the 
use of the drug had been started, the signs of 
hyperthyroidism began to recede, at which time 
the dosage of thiourea was reduced to 1 Gm 
twice a day for a week and then 1 Gm daily 
Two weeks after the drug had been started, the 
leukocyte count was 9,200 per cubic millimeter, 
with 70 per cent granulocytes and a normal 
differential count After a total of 83 Gm had 
been given, namely, five weeks after the begin- 
ning of treatment, epistaxis and a generalized 
purpura developed, with ecchymoses and pur- 
puric spots on the buccal mucous membrane 
The administration of thiourea was immediately 
stopped The following day the ecchymoses be- 
came more numerous, and there was bleeding 
from the gums There were a normal red blood 
cell count and hemoglobin content The white 
blood cell count was 4,100 per cubic millimeter 
with 24 per cent granulocytes , the platelets were 
18,000 per cubic millimeter The bleeding time 
was greatly prolonged, and at the end of four 
hours bleeding from the venipuncture wound 
showed no signs of ceasing The coagulation time 
was normal Sternal puncture revealed no im- 
portant changes except that the platelets were 
scanty and only 2 megakaryocytes were seen 
The white blood cell count fell to 3,700 per cubic 
millimeter, with 16 per cent polymorphonuclear 
neutrophils, and there were 9,000 platelets per 
cubic millimeter She was given 500 cc of fresh 
whole blood, and all bleeding promptly ceased 
A few doses of pentnucleotide were given The 
patient made a complete recovery, and twelve 
days after the appearance of purpura the leuko- 
cyte count was 6,200, with 36 per cent granulo- 
cytes and 67,000 platelets The report of this 
case is important because not only granulocy- 

178 Newcomb, P B , and Deane, E W Thiourea 
f aus > n g Granulopenia and Thrombopema, Lancet 1 179, 


topema but also thrombopemc purpura devel- 
oped 

McGavack and his associates 170 reviewed the 
toxic reactions due to thiouracil m 135 patients 
with toxic goiter In this group 2 had agranulo- 
cytosis and recovered In addition, a transient 
leukopenia appeared in 3 patients One of the 
patients m whom agianulocytosis developed was 
a 50 year old white woman who received 0 5 Gm 
of thiouracil daily for foity-one days At this 
time fever, sore throat, gingivitis, headaches and 
enlargement and tenderness of the cervical 
lymph nodes developed The blood count taken 
at this time showed 3,500 white blood cells per 
cubic millimeter, with 97 per cent lymphocytes 
With cessation of the use of the drug and with 
the administration of several blood transfusions, 
recovery was complete In their opinion it would 
appear that omission of the drug without any 
recourse to transfusions would have adequately 
relieved her condition In 3 of the patients ob- 
served by this group there were decreases m 
the white blood cells to 3,500, 4,500 and 2,500 per 
cubic millimeter, and m the percentage of poly- 
morphonuclear leukocytes to 41, 32 and 48, 
respectively The blood counts returned to nor- 
mal without a change m the treatment of any of 
these 3 patients It is questionable, therefore, m 
their opinion whether one should regard these 
responses as pathologic or as physiologic, and it 
is difficult to be sure whether leukopenia with 
lymphocytosis can be considered as a toxic 
phenomenon In any event, it hardly warrants 
complete cessation of therapy A more satis- 
factory course would be to consider such re- 
sponses as an indication for temporary or per- 
manent decrease m the size of the dose employed 
From our experience, it would seem that leuko- 
penia occurs more commonly m patients who are 
receiving thiouracil than would be indicated by 
the reports m the literature In our group of 
patients for whom leukocyte counts were deter- 
mined every other day, a moderate leukopenia 
without evidence of agianulocytosis occurred m 
a great percentage of patients In almost all 
instances, however, with continuation of the 
therapy or its interruption for only one or two 
days, there was a return of the white blood cell 
count to normal Until knowledge is more com- 
plete on this subject, however, any significant de- 
crease m the white blood cell count with a diminu- 
tion m the number of polymorphonuclear leuko- 

179 McGavack, T H , Gerl, A J , Vogel, M , anj 
Schwimmer, D Treatment of Twenty-Six Thyrotoxic 
Patients with Thiouracil and Review of Toxic Reac- 1 
tions in All (135) Reported Cases, J Chn Endocrinol ' 
4 249, 1944 
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cjtes is an indication to obseive the patient with 
extreme care 

It is reported by Kahn and Stock 180 that as 
far as can be determined their case is the first 
m which death occurred from agranulocytosis 
attributable to thiouracil The patient was a 62 
year old woman with severe and uncontrolled 
diabetes and a diffuse toxic goiter, with a basal 
metabolic rate of -j- 65 per cent The diabetes was 
, well controlled, and the patient was given thiou- 
l acil, 0 6 Gm daily for forty-four days and then 
| 0 4 Gm for eight days A total dose of 30 8 Gm 
' was given m fifty-foui days On the fifty-first 
1 day of treatment, the body temperature was 
j elevated to 101 4 F and the patient complained 
of a sore throat Within twenty -foui hours the 
| white blood cell count was found to be 1,100 pei 
! cubic millimeter, with 2 per cent granulocytes 
'j The patient died five days aftei the onset of 
‘ the agranulocytosis, despite all forms of therapy, 
including blood transfusions, use of ciude livei 
extract, pentose nucleotide, extiact of yellow bone 
marrow and penicillin It was assumed that the 
thiouracil was the cause of the toxic hepatitis 
winch was also present as well as of the agianu- 
' locytosis The severe diabetes mellitus was re- 
garded as a contributory factor m the death of 
the patient 

David Haller states, 181 “Thiomacil is a danger- 
ous drug, and at least half a dozen fatal cases of 
agranulocytosis have been described following its 
use [no reference or further details are given], 
and only this week I conducted a necropsy upon 
such a case, the inquest resulting in a verdict of 
1 misadventure following the administration of 
thiouracil” In the authoi’s opinion, the diug 
should be given only under the strictest control 
in a hospital 

In a general article on the use of thiouracil 
m the preparation of patients with hypei thyroid- 
lsm for thyroidectomy, Moore and his asso- 
, ciates 182 state that in their opinion thiouracil 
’ exhibits a toxicity similar to that of the sulfon- 
amide drugs Among 52 patients treated up to 
the time the article was wntten, they observed 2 
with leukopenia, 4 with oral infections possibly 
related to the medication and 1 with a general- 
ized lymphadenopathy which cleared after dis- 
continuance of the drug In the patients with 
leukopenia the white blood cell count was about 

180 Kahn, J , and Stock, R P Fatal Agranulo- 
! cytosis Resulting from Thiouracil, JAMA 126 358 
1 (Oct 7) 1944 

181 Haller, D Letter to Brit M J 1 382, 1944 

182 Moore, F D , Sweeney, D N , Jr , Cope, O , 
Rawson, R W , and 'Means, J H Use of Thiouracil 

■ in Preparation of Patients with Hyperthyroidism for 
Thj roidectomy, Ann Surg 120 152, 1944 


2,500 pei cubic millimetei The polymoipho- 
nucleai leukocytes were never below 30 per cent 
In treatment of 1 patient the drug was con- 
tinued until the count was normal, m treatment 
of the other the use of the drug was stopped 
In no case, however, m the experience of these 
obseivers, has any toxic manifestation either 
pi evented or complicated operative removal of 
the gland 

St Johnston 183 reports on 3 patients with 
toxic goiter treated with thiourea m doses of 3 
Gm daily for periods of seven to eight days who 
had temperatures of 100 4 to 101 F , with palpa- 
ble enlargement of the spleen, a fall in the 
white blood cell count with monocytosis and a 
maculopapular eiuption There was no pro- 
nounced drop m the white blood cell count m 
any instance, the lowest being 4,600 white blood 
cells per cubic millimetei, with 51 per cent 
polymorphonuclear leukocytes The enlarge- 
ment of the spleen was unexplained 

Rubmstem 181 reports the case of a woman 
47 years old, who suffered from carcinoma of the 
thyroid gland She was given thiouracil m a 
dosage of 0 2 Gm four times a day for approxi- 
mately fifteen weeks It is of interest to note 
that the thyroid nodes became somewhat dimin- 
ished in size and softer in the supraclavicular 
region After a period of fifteen weeks the white 
blood cell count was observed to be 1,700 per 
cubic millimeter and a few days later it fell to 
750 At this time there were 4 per cent myelo- 
cytes and 10 per cent neutrophils Studies of 
the bone marrow showed an arrested maturation 
associated with hypoplasia of the myeloid ele- 
ments of the bone marrow, which was taken as 
the explanation for agranulocytosis of the 
peripheral blood After the use of the drug was 
discontinued, a complete hematologic recovery 
followed A leturn to normal of the bone mar- 
row preceded that of the peripheral blood 

A patient observed by Lmsell 185 received 
continuous thiouracil therapy for four months, 
with a daily dose of 1 Gm for one month and 
0 2 Gm daily subsequently The neutropenia 
developed after ten weeks of treatment, when the 
patient had taken approximately 44 Gm At 
this time she had an acute febrile attack with 
some ulceration of the mouth and sore throat, 
which cleared up entirely without treatment 
within six days After twelve weeks of addi- 

183 St Johnston, C R Toxic Reaction to Thiourea 
Report on Three Cases, Lancet 2 42, 1944 

184 Rubinstein, M A Agranulocytosis Following 
Thiouracil Administration, Am J Chn Path 14 540, 
1944 

185 Linsell, D Agranulocytosis After Use of Thio- 
uracil, Brit M J 2 597, 1944 
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tional treatment with thiouracil during which 
time she took 48 Gm , she had a much severer 
febrile attack and was admitted to the hospital 
for observation The classic signs of agranulo- 
cytosis were present, and, m addition, there was 
a severe conjunctivitis of the left eye with cellu- 
litis spreading into the orbital tissue At this 
time the patient had a white blood cell count of 
1,200 per cubic millimeter, and “an occasional 
degenerate polymorphonuclear cell” was seen m 
the peripheral blood Recovery was lapid after 
the administration of thiouracil was discontinued, 
although the author attributes some improvement 
to repeated transfusions of fresh blood In ad- 
dition, the patient received pentnucleotide and 
ascorbic acid 

It is reported by Welshman 180 that thiouracil 
had been employed m the treatment of 2 patients 
with thyrotoxicosis and “in both the total white 
cell count fell to about 2,200 per cubic milli- 
meter with depression of the polymorphs ” With 
discontinuance of the use of the drug, the white 
cell count rose to 10,000 m five days Thy- 
loidectomy was performed, and both patients 
made an uneventful recovery It was suggested 
that the drug should be employed with caution 
and should be used only when there are facilities 
fot making frequent white cell counts 

A study was made of the vanous tissues of 
lats after they had leceived a relatively large 
amount of thiouracil Microscopic examination 
of the bone marrow of approximately 50 rats 
levealed no definite abnormalities They had 
been treated for from seven to ninety days 
A few studies were made of the circulating blood 
obtained from the heart In several instances 
the white blood cell count was low (the lowest 
was 3,600 per cubic millimeter), but the average 
was 9,000 per cubic millimeter 

Favoiable results are reported by Reveno 187 
m the treatment of 9 patients Foi 6 the lesults 
were good, for 3 they were not so satisfactory 
foi various reasons, such as lack of cooperation 
No instance of agi anulocytosis oi anemia oc- 
curred 

In ti eating 11 patients with severe hyperthy- 
loidism with 0 6 Gm of thiouracil daily, Bai- 
tels 188 did not obseive any toxic effects from 
the drug According to him, the white blood 
cell counts weie carefully observed during the 
course of treatment but no change occuired 

186 Welshman, B C Effect of Thiouracil on the 
" Cells, Letter to the Editor, Lancet 1 195, 1944 

18/ Reveno, W S Thyrotoxicosis Treated with 

' io°o UI A Cl1, J A M A 126 15 3 (Sept 16) 1944 

loo Bartels, E C Thiouracil Its Use in the Pre- 
operative Management of Severe Hyperthyroidism, 
A rehmmary Report, JAMA 125 24 (May 6) 1944 


Gabnlove and ICert 180 leport the tieatment 
of 9 patients with thiouracil and observed that 
3 exhibited manifestations of sensitivity to the 1 
drug In 1 theie were a febrile rise and a mod- ' 
erate generalized lymphadenopathy, suggesting 
that the patient had infectious mononucleosis, i 
but there weie a normal hemogram and a 
negative heterophile reaction of the blood The 
second patient exhibited fevei and deimatitis 
In the third patient, a woman 47 years of age, • 
leukopenia developed with a white blood cell 
count of 2,650 per cubic millimeter and a dif- ; 
feiential count of 59 per cent segmented poly- 
moiphonuclear neutiophils, 4 per cent non- | 
segmented polymorphonuclear leukocytes, 28 per j 
cent lymphocytes, 4 per cent monocytes and 
5 per cent eosinophils This occurred after the ; 
patient had been given 1 Gm of thiouracil daily 
m five divided doses for a period of sixteen , 
days The use of the drug was stopped, and 
the patient was then prepared for subtotal 
thyroidectomy by administration of iodine She ‘i 
recovered without fuither complications 

Paschkis and his associates 190 found no toxic 'i 
manifestations m the blood of 6 patients with j i 
thyrotoxicosis who leceived thiourea Among j 
the 15 patients with thyrotoxicosis who received j 1 
thiouracil, toxic manifestations, including leuko- t 
pema (2,500 cells per cubic millimeter) devel- i 
oped in 1 This condition became apparent jj 
after an infection of the upper respiratory tract ,j 
which developed after eight months of treat- > 
ment The leukocyte count returned to normal, j 
and the lash disappeared three days after the 
diug was discontinued Forty-eight hours after j! 
treatment was resumed, the leukocyte count fell 
again but the lash did not reappeai This patient ' 
was given 1 Gm of thiouracil for the most part 1 
but at times received as much as 2 Gm a day 
The case of a Negro man aged 40, with ') 
exophthalmic goiter, m whom agranulocytosis 
developed aftei the use of thiouracil, is reported , 
by Meyer 191 After the patient had received 
a total of 40 8 Gm of thiouracil m fifty-five 
days in doses of 1 to 2 Gm , there were a 1 
severe chill, a soie tluoat and a rise in tempera- 
ture to 104 F The white blood cell count was 
2,000 per cubic millimeter, with 19 per cent 
segmented neutrophils, 3 per cent juvenile foi ms 
and 71 per cent lymphocytes Recovery followed 


189 Gabrilo\e, J L, and Kert, M J Sensitivity to 
Thiouracil Report of Three Cases, JAMA 124 
504 (Feb 19) 1944 
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the discontinuance of the use of thiouiacil and 
the administration of pentnucleotide and liver 
extract 

Miscellaneous Agents — A leview of the lit- 
erature and geneial clinical observations on 
agranulocytic angina is given by Copley 102 In 
this he reports that in the state of Virginia m 
the past eight yeais there have been 36 cases 
of agranulocytic angina which have been re- 
ported There were two peaks in these years, 
one being m 1937, when there were 12 cases, 
and one in 1940, when there were 10 Three 
of the 18 deaths since 1930 were due to one 
of the sulfonamide drugs, according to replies 
sent by physicians leportmg these deaths One 
fatal case followed the administration of 108 
Gm of sulfadiazine over a period of twenty 
days One patient, a man aged 54, m our 
opinion did not have agranulocytic angina The 
patient had taken ammopyrine eleven months 
' before the acute onset, which was preceded by 
a prodromal period of ill health He was 
treated with the recommended therapeutic mea- 
sures, namely, pentnucleotide, blood transfusions 
and liver extract administered parenterally, and 
lived three years and eight months It is much 
more likely, in our opinion, that this patient 
died of subleukemic leukemia 

A comprehensive review on the subject of 
agranulocytosis and neutropenia is presented by 
Rodriguez 193 

The rarity of blood dysciasias following in- 
jections of the arsphenamme drugs is empha- 
sized by Ferguson 194 He states that m the 
United States Navy over a million injections 
of such drugs were given between the years 
1925 and 1938 with only 24 resultant blood 
dyscrasias, which gives an incidence of roughly 
1 in 50,000 He reports on 6 patients with 
hematologic disorders after treatment with neo- 
arsphenamme For the first 5 a diagnosis of 
agranulocytosis was made because the changes 
were largely limited to a reduction or complete 
disappearance of the gianulocytes in the circu- 
lating blood In the sixth patient, however, 
there was a moderate reduction m the red blood 
cells, to 4,100,000 per cubic millimeter, with a 
hemoglobin content of 72 per cent The total 
white blood cell count was 1,200 per cubic 
millimeter, with 4 per cent polymorphonuclear 

192 Copley, E L Agranufocytic Angina— a Drug 
Hazard, Virginia M Monthly 71 416, 1944 

193 Rodriguez y Rodriguez, A Sobre la Hgranulo- 
citosis o neutropenia, Medicma, Madrid (pt II) 12 491 
1944 

194 Ferguson, J W Agranulocytosis and Aplastic 
Anemia After Arsphenamines Report of Six Cases 
Lancet 1 334, 1944 


leukocytes, and the blood platelets weie 33,600 
per cubic millimeter Ferguson classified the 
illness of the sixth patient as acute aplastic 
anemia because all elements of the bone marrow 
weie affected The first 5 patients reported on, 
that is, those with agranulocytosis, received an 
average of five injections of arsenic with an 
average dose of 2 1 Gm In the illness classi- 
fied as aplastic anemia, the damage to the bone 
marrow was regarded as more extensive, as 
postmortem studies shoved that the megakary- 
ocytes and the precursors of the red blood cells 
were affected In this patient symptoms did 
not begin until six or seven weeks after the 
beginning of antisyphihtic treatment The 
author believes that in classifying the blood 
dyscrasias following aisphenamine simple throm- 
bopema should be grouped separately from the 
other dyscrasias which are due to involvement 
of the bone marrow It is thought by this 
observer that an increased absolute number of 
monocytes, as found in 3 of the pdtients with 
agranulocytosis who recovered, was a favorable 
prognostic sign This has previously been re- 
ported, but there is some difference of opinion 
as to how reliable it is from the standpoint of 
piognosis In the cases of agi anulocytosis, ex- 
amination of the bone marrow by sternal punc- 
tuie and at necropsy showed evidence of arrest 
of matuiation similar to that found in cases of 
so-called idiopathic agranulocytosis In the 
opinion of this observer pentnucleotide ther- 
apy “appears’' to be effective m treatment of 
agranulocytosis provided tieatment is not too 
long delayed 

Two cases of agi anulocytosis aie reported by 
Lana Martinez 195 The fust is that of a man 
28 years old, who was treated for syphilis for 
about two years with aisphenamine, bismuth 
and mercuiy Fevei, malaise and increasing 
fatigue developed, at which time the blood was 
examined and the white blood cell count was 
found to be 5,300 per cubic millimeter, with 
no neutrophils There weie 25 per cent lympho- 
cytes present and 75 per cent monocytes The 
antisyphihtic medication was discontinued, and 
ascorbic acid was administered Slow lmpiove- 
ment followed, and one month later the blood 
was noimal The second case is that of a man 
26 3 'ears old with syphilis and a gonococcic 
infection of the uiethra He was treated with 
arsphenamme and sulfonamide diugs, the lattei 
m doses of 3 Gm daily After a few days fever, 
chills and malaise developed Examination 
of the blood showed the white blood cell count 

195 Lana Martinez, F Dos casos de agranulocitosis, 
Med espafi 4 383, 1940 
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to be 4,600 per cubic millimeter, with no neutro- 
phils With the discontinuance of the medica- 
tion and administration of ascorbic acid the 
patient improved, and one week later the blood 
was normal In neither of the cases were there 
lesions of the mouth or throat 

A case was reported by Oppikofer 190 of a 
man 33 jears old m whom the classic picture 
of agranuloc} tosis developed after the use of 
several drugs, including aminopyrine The w lute 
blood cell count fell to 5,050 per cubic millimeter, 
with no granulocytes present in the peripheral 
blood The patient was treated with “Nucleo- 
trat” intramuscularly, 10 cc twice daily He 
was also given “a numbei” of blood transfusions 
Recover} followed A brief discussion of the 
clinical picture of agranulocytosis is given 

A case is reported by Estol Baleztena 107 of 
a child 10 ) ears of age w ho had previousl}’’ suf- 
fered from pulmonary tuberculosis Two injec- 
tions a week of a gold preparation ( Sonocusina ) 
were given in a dose of 0 025 Gm for each 
injection After five injections, fever, sore throat 
and agranulocjdosis developed Recovery fol- 
lowed symptomatic treatment 

A case of agranulocytosis developing m a 
woman aged 45, in whom the white blood cell 
count fell to a minimum of 900 per cubic milli- 
meter, wutli 10 per cent granulocytes, is reported 
by Rawls 198 This patient had rheumatoid ar- 
thritis and had taken acetylsalicylic acid, aceto- 
phenetidm and neocmchophen at various intervals 
without any signs of toxicity Agranulocj tosis 
de\ eloped after she was said to have taken 7 l / 2 
grams (0 48 Gm ) of cinchophen three times a 
day and 1 mg of menadione (2-meth)d-l, 
4 naphthoquinone, synthetic vitamin K) three 
times a day for six da)S It is “assumed” by 
the author that the sj nthetic vitamin K radical 
may have been responsible for this condition, 
as it contains the qumone radical, wdnch, m 
his opinion, might produce agranulocytosis Cer- 
tainly the evidence is not clear m this case that 
the agranulocytosis was due to this particular 
drug 

A familial type of malignant chronic granulo- 
cytopenia is described by Beguez Cesar 109 This 


196 Oppikofer, E K Ueber Otitis und Rhinitis 
necroticans agranulocytotica, Schweiz med Wchnschr 
73 107, 1943 
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198 Rawls, W B Agranulocytopema m Pat 
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199 Beguez Cesar, A Neutropenia cronica mall 
tamiliar con granulaciones atipicas de les leucocitos 1 
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condition is chaiactenzed by albinism, indeter- 
minate feverish states, nystagmus, leukopenia, 
granulocytopenia and lymphomonocy tosis The 
author considers it to be a familial disease Ac- 
cording to him it has the characteristics of a 
recessive mendehan trait Of 13 brothers studied 
by him, 4 suffered from the condition He con- 
cludes that of the 9 living brothers a number f 
will transmit the disease while otheis will not 

Experiments w f eie performed b\ Staub and 
Bucher 200 m which they injected solutions of 
gly cogen into labbits and concluded that the 
leukopenia which resulted was proportionate to 
the size of the gl) cogen molecules When a 
large molecule solution was injected the leuko- 
penia was greater than that produced b} one 
containing small molecules The)' conclude that 
leukopenia is dependent to a certain extent on 
the ph) sical state of the molecules of the injected 
substance 

The case of a woman aged 26 is leported by 
Barling 201 in which the unusual feature was 
that for tw elve } ears the patient had complained 
of ulcers m the mouth recurring at legular 
intervals of three to four weeks It was dis- 
covered by f Barling that the appearance of the 
ulcers was associated with a pronounced reduc- 
tion m the total white blood cell count On one 
occasion it w r as 2,600 per cubic millimeter, with 
44 per cent potymorphonuclear cells The ulcers 
were shallow' and appeared on the tongue and 
inside the mouth and were sufficientl} painful 
to make mastication difficult Theie was no 
response noted to any form of tieatment 
F Parks Weber, in discussing this case lefers 
to 1 previously reported by D Embleton 202 
under the title “Rhythmical Neutropenia with Re- 
current Buccal Ulceration” in a w Oman aged 43 
Apparently these cases are similar to those w Inch 
have been observed in this county and are 
regarded as instances of a recurrent stomatitis 
associated with pronounced grauuloc)'topema 
The cause of this condition is not knowm, but 
m our minds the possibility that it is due to a 
filtrable virus should be considered 

Possible Relation of Folic Acid to Agianulo- 
cytosis — It has been suggested b) Goldsmith, 

200 Staub, H , and Bucher, K Zum Mecharnsmus 
der Leukopenia nach i v Glykogenzufuhr , Abhangig- 
keit der Leukopenie von der Grosse der Makromolekel, 
Schweiz med Wchnschr 73 904, 1943 

201 Barling, B Three and a Half Years’ Treatment 
with Sulphapyndme in Case of Dermatitis Herpeti- 
formis, Lancet 1 503, 1944 

202 Embleton, D Rhythmical Neutropenia with 
Recurrent Buccal Ulceration, Proc Roy Soc Med 30- 
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Gordon, Fmkelstein and Chanpper 203 that since 
the granulocytopenia pioduced in rats by sul- 
fonamide compounds can be corrected by liver 204 
it appeared logical that liver might have the same 
effect on the thiourea-induced neutropenia oc- 
cuiring in human beings The experiments of 
Goldsmith and his associates were performed as 
follows Adult male rats were fed a standard 
laboratory ration containing 0 5 per cent thiourea 
for fifty-eight days Six animals of another 
group were treated similarly but in addition 
received 5 per cent of solubilized liver incor- 
porated into the ration The most striking hema- 
tologic change in those animals receiving only 
thiourea and the stock ration was the pronounced 
neutrophilic granulocytopenia, which became pro- 
gressively more severe It was clearly demon- 
strated in the second group of rats, however, that 
the administration of liver almost completely 
prevents the development of the neutropenia It 
is strongly suggested, therefore, that the granulo- 
cytopenia induced by the administration of either 
the sulfonamide compounds or thiourea may 
be prevented by feeding liver A norite eluate 
fraction of liver has been found to alleviate the 
leukopenia m monkeys maintained on a synthetic 
diet by Waisman and Elvehjem, 205 and these 
observers have proposed that folic acid is the 
active agent in this liver fraction It appears 
logical, therefore, to use either folic acid or liver 
m the prevention and treatment of the granulo- 
cytopenia resulting from the administration of 
thiourea compounds in hyperthyroid patients 

It is stated by Endicott, Kornberg and Daft 206 
that m a previous report from the United States 
Public Health Laboratory the lesions found m 
lats fed sulfaguanidine in purified diets were 
described One of these lesions was agranulo- 
cytic aplasia of the bone marrow During the 
past year, studies have been made of sulfathia- 
zole, sulfadiazine, sulfanilamide, sulfapyrazme, 

203 Goldsmith, E D , Gordon, A S , Fmkelstein, G , 
and Chanpper, H A Suggested Therapy for Pre- 
i ention of Granulocytopenia Induced by Thiourea, J A 
M A 125 847 (July 22) 1944 

204 Spicer, S S , Daft, F S , Sebrell, W H , and 
Ashburn, L L Prevention and Treatment of Agranu- 
locytosis and Leukopenia in Rats Given Sulfanilyl- 
guamdine or Succinyl Sulfathiazole in Purified Diets, 
Pub Health Rep 57 1559, 1942 Kornberg, A , Daft, 
F S, and Sebrell, W H Production and Treatment 
of Granulocytopenia and Anemia m Rats Fed Sulfon- 
amides in Purified Diets, Science 98 20, 1943 

205 Waisman, H A, and Elvehjem, C A Role of 
Biotm and "Folic Acid” in Nutrition of Rhesus Monkey, 
J Nutrition 26 361, 1943 

206 Endicott, K M , Kornberg, A , and Daft, F S 
Lesions in Rats Given Sulfathiazole, Sulfadiazine, Sulfa- 
nilamide, Sulfamerazme, Sulfapyrazme, or Acetylsulfa- 
diazine m Purified Diets, Pub Health Rep 59 49, 1944 


sulfamerazme and acetylsulfadiazme given rats 
in purified diets Among the pathologic changes 
noted was a depletion of mature granulocytes m 
the bone marrow with or without an increase 
in nucleated red blood cells It is interesting 
to note that hyperplasia of the marrow was 
found regularly in rats recovering from granulo- 
cytopenia thus induced and that recovery fol- 
lowed treatment with certain liver concentrates 

Totter and his associates 207 have observed 
that the rhesus monkey lequires a water-soluble 
substance or substances to prevent leukopenia, 
anemia, diarrhea, lesions of the mouth and colon 
and eventual death This factor, for which the 
term vitamin M was suggested, was shown to 
be distinct from thiamine, riboflavin and nicotinic 
acid Evidence is piesented to indicate that the 
distribution of the factors stimulating growth of 
Streptococcus lactis R (folic acid) is different 
from that of factors stimulating growth of vita- 
min M Furthermore, they showed that panto- 
thenic acid, choline, paraammobenzoic acid, pyri- 
doxme and inositol do not prevent nutritional 
cytopenia in the monkey They found that the 
treatment of the cytopenic monkeys with syn- 
thetic xanthopterin was followed by a reticulo- 
cyte response and an increase in the red and 
white blood cell count They concluded that the 
evidence suggests that xanthopterin or some 
closely allied substance may be required by the 
monkey for normal hemocytopoiesis However, 
it seems probable that unidentified substances 
may also be necessary 

It is reported by Wright and Welch 20S that 
the feeding of a highly punfied diet adequate 
m those membeis of the vitamin B complex 
lequired for the production of excellent growth 
in rats caused a decided reduction in the hepatic 
stoies of folic acid and biotm compared to the 
amounts of these factors found m the livers of 
animals maintained on stock lations The hepatic 
storage of these factors was further reduced In 
the incorporation of succmylsulfathiazole into 
such synthetic rations It is important to note 
that there was no impaiiment m the storage 
of riboflavin and of nicotinic acid These experi- 
ments are of interest to us because the findings 
are in accord with the hypothesis that folic acid 
deficiency may contribute to the development of 
agranulocytosis This is due to the fact that 

207 Totter, J R , Shukers, C F , and others Studies 
on the Relation Between Vitamin M, Xanthopterin and 
Folic Acid, J Biol Chem 152 147, 1944 

208 Wright, L D , and Welch, A D Folic Acid, 
Biotm and Pantothenic Acid Deficiency and Liver Stor- 
age of Various Vitamins in Rats Fed Succinylsulfa- 
thiazole in Highly Purified Rations, J Nutrition 27 5o, 
1944 
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there may be either a deficiency of folic acid m 
the diet or perhaps a failure of the intestinal 
flora to synthesize folic acid, and hence the 
animal organism is deprived of the factor which 
controls the maturation of the white blood cells 
While this theory is attractive and while there 
is evidence in favor of it, there are many gaps 
m the knowledge relating to this process which 
require further investigation 

It has been pointed out by Waisman and his 
associates 209 that young monkeys fail to grow 
and develop on a diet consisting of sucrose, puri- 
fied casein, mineral salts, corn oil and cod liver 
oil, together with adequate levels of thiamine, 
riboflavin, nicotinic acid, pantothenic acid, pyri- 
doxme, choline, paraammobenzoic acid, and 
f-mositol When such a diet was given to these 
animals there was a gradual loss of weight fol- 
lowed by a syndrome of anorexia, leukopenia, 
lowered resistance to secondary infections, in- 
creasing cachexia and death They demonstrated 
further that the addition of liver extract, whole 
liver or “solubilized” liver to the synthetic diet 
caused a disappearance of all symptoms and that 
the animals showed striking gains in weight 

Tieatnumt of Agranulocytosis — An important 
report is made by Smith, Cohen and Nichols 210 
regarding the successful treatment of 2 patients 
with agranulocytosis with penicillin They state 
that up to the time of their publication 1 case 
m which a similar treatment had been used had 
been cited 211 In both the patients classic evi- 
dence of agranulocytosis developed after the 
administration of oxophenarsme hydrochloride 
(Mapharsen) for the treatment of syphilis One 
patient received penicillin m doses of 20,000 
Oxford units intramuscularly every three hours, 
beginning on the third day of the agranulocy- 
tosis Sixteen hours after the first dose the 
temperature was normal, and the patient made 
a prompt recovery A second patient was given 
penicillin therapy m a dosage of 10,000 units 
intramuscularly every three hours Within 
thirty-eight hours he was afebrile Although 
both patients received additional therapy, includ- 
ing blood transfusions, pentnucleotide and yellow 

209 Waisman, H A , Rasmussen, A F, Jr , Elveh- 
jem, C A, and Clark, P F Studies on Nutritional 
Requirements of Rhesus Monkey, J Nutrition 26 205, 
1943 

210 Smith, L B , Cohen, F, and Nichols, R G 
Agranulocytosis Treated with Penicillin, JAMA 
126 1027 (Dec 16) 1944 

211 Keefer, C S, and others Penicillin in the 
Treatment of Infections Report of Five Hundred 

Y Cases > Statement by the Committee on Chemothera- 
peutic and Other Agents, Division of Medical Sciences, 
National Research Council, J A M A 122 1217 (Aug 


bone marrow, it is the opinion of the authors 
that the striking improvement which occurred 
during the first twenty-foui hours of penicillin 
therapy warrant its further trial in the treatment 
of agranulocytosis To us, the use of penicillin 
m the treatment of agranulocytosis seems to be 
logical, because it is the most effective agent 
available for the control of the sepsis which is 
the cause of death Furthermore, penicillin is 
not lesponsible for the production of agranulocy- 
tosis or of any other untowaid results 

The case of a gunner’s mate, 24 years old, 
m whom agranulocytosis developed after the 
use of sulfatluazole is reported by Meredith, 
Douglas and Fink 212 There are two points of 
interest in the paper In the first place, the 
dangers of taking sulfonamide drugs indiscrim- 
inately are emphasized For example, this pa- 
tient two months before being seen by the authors 
had been ill for a week with jaundice and did 
not seek medical attention but took a total of 
32 tablets (16 Gm ) of sulfatluazole during the 
course of the illness Four years before he had 
been uneventfully treated with sulfatluazole for 
gonorrhea and since that time had frequently 
taken smaller amounts for minor infections and 
venereal prophylaxis The present illness began 
when the patient experienced the symptoms of 
a cold and on lus own initiative took 12 tablets 
(6 Gm ) of sulfatluazole during the day The 
following day lus throat was definitely sore, and 
that evening he had chills followed by fever 
When seen at that time lus white blood cell count 
was 2,700 per cubic millimeter, with a differential 
count of 56 per cent polymorphonuclear leuko- 
cytes, 40 per cent lymphocytes, 3 per cent mono- 
cytes and 1 per cent eosinophils The following 
day the white blood cell count was 1,500 per cubic 
millimeter, with 100 per cent lymphocytes The 
second point of interest is the use of large doses 
of penicillin as one form of treatment When 
the diagnosis of agranulocytosis was established, 
intensive therapy was immediately instituted, 
consisting of transfusions of whole blood, intra- 
muscular injections of liver extract, injections 
of pentnucleotide and the use of penicillin The 
latter was administered m quantities of 100,00C 
units for the initial dose, 120,000 units during 
each of the following six days and then 90,000, 
40,000 and 20,000 units on subsequent days 
Penicillin therapy was discontinued on the 
eleventh day In resume, the therapy over a 
period of ten days was as follows 2,500 cc oi 
whole blood, 260 units of liver extract, 270 cc 


212 Meredith, W C , Douglas, A H R , and Fmk, 
H Penicillin m Malignant Granulocytopenia Report 
of Case, U S Nav M Bull 43 1017, 1944 
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of pentnucleotide and 970,000 Oxford units of 
penicillin The patient made a complete recovery 
The case of a 22 year old seaman in whom 
agranulocytosis developed and who recovered 
after the use of penicillin is reported by Sprague 
and Ferguson 213 This patient six months befoie 
had been treated for six weeks with a sulfon- 
amide drug for gonorrhea When observed, by 
the authors, the patient again had received 
36 Gm of sulfathiazole over a period of six 
days At the end of this time fever developed , 
there was ulceration of the throat, and the white 
blood cell count was found to be 900 per cubic 
millimeter It later fell to 275 The patient 
received many forms of treatment, including 
twenty-five blood transfusions of 250 cc each, 
pentnucleotide, yellow bone marrow and liver 
extract In addition, penicillin was given in 
amounts of 20,000 units every four hours intra- 
muscularly for five days After this its use was 
discontinued and later resumed A total dose 
of approximately 6,480,000 units was given, to 
which the authors attribute this person’s recovery 

Pyridoxme was introduced m the treatment of 
leukopenia and granulocytopenia, according to 
Cantor and Scott, 214 for the following reasons 
First, it had been shown that folic acid, a com- 
ponent of the vitamin B complex, is effective 
m preventing and curing the neutropenia pro- 
duced in rats by the feeding of the insoluble 
sulfonamide compounds Additional work has 
indicated that this effect is probably an indirect 
one, m the sense tliat the folic acid fed is re- 
quired by cohform bacteria m the intestines for 
the production of some accessory substance, 
which, m turn, produces a granulocytic response 
It has also been observed that microcytic hypo- 
chromic anemia produced in dogs by a deficiency 
of vitamin B 6 is not relieved by the administra- 
tion of iron Furthermore, the anemia of pel- 
lagra and pernicious anemia are similarly 
unresponsive to iron, while pyridoxme is a con- 
stituted of liver and yeast, both of which are 
effective m the treatment of these disorders 
Also, it has been reported that the administra- 
tion of pyridoxme intravenously to pellagrins 

213 Sprague, H B , and Ferguson, L K Agranulo- 
cytosis Treated -with Penicillin Report of Case, U S 
Nav M Bull 43 1014, 1944 

214 Cantor, M M, and Scott, J W Effect of 
Vitamin Bt (Pyridoxme) m Treatment of Leukopenia 
and Granulocytopenia of Toxic Origin in Humans 
Preliminary Report, Science 100 545, 1944 


and to patients with pernicious anemia in a 
state of relapse results in improvement within 
forty-eight hours, with a striking increase m 
the leukocyte count, especially in the granulocytic 
series Furthermore, they state that the ad- 
ministration of pyridoxme produces some benefit 
in persons with Cooley’s anemia when it is used 
in association with chorionic gonadotropme 
While all these observations may be true, it is 
not clear to us why pyridoxme should be of value 
m the treatment of leukopenia and granulocyto- 
penia The observers treated 3 patients with 
agranulocytic angina with a 10 per cent solution 
of pyridoxme hydrochloride in isotonic solution 
of sodium chloride m amounts totaling 125 mg 
to 200 mg intravenously daily In 1 of these 
patients agi anulocytic angina had developed after 
the administration of 4 Gm of sulfathiazole given 
over a period of twenty-four hours There was 
no medication given to the second patient which 
could have been responsible for the agranulo- 
cytic angina except self-administered acetyl- 
salicylic acid The condition developed in the 
thud patient after the use of thiouracil about two 
months after this therapy for hyperthyroidism 
was instituted A total of 13 5 Gm of the drug 
had been taken It is unusual, to say the least, 
that agranulocytic angina should develop m a 
patient who had received 4 Gm of sulfathiazole 
and also that the same condition should develop 
m a patient who had received only a total of 
13 5 Gm of thiouracil over a period of two 
months It is stated that the temperature of 
each patient fell to normal limits and that the 
symptoms disappeared promptly after the use 
of pyridoxme hydrochloride These occurences 
were associated with an increase m the number 
of leukocytes and the reappearance of granulo- 
cytes in the blood Recovery followed in all 
patients The observers conclude by stating that 
pyridoxme hydrochloride administered intrave- 
nously appears to be a useful agent for the treat- 
ment of agranulocytic angina of toxic origin > 
Its effectiveness m 3 instances suggests that pyri- 
doxme acts by direct stimulation of the myelo- 
cytic elements in the bone marrow No one 
can deny the possibility that pyridoxme hydro- 
chloride may be effective in treating this disease 
On the other hand, the recovery of 3 patients 
from a disease in which spontaneous recovery 
is not rare after the use of a drug for whose 
use there is no special logical basis does not 
place the claim on secure grounds 
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Constitution and Disease By Julius Bauer, M D 
Price, $4 Pp 247 New York Grune & Stratton, 
Inc, 1945 

In this book Dr Bauer tries, one might say, to 
bridge the gap between pure genetics and clinical 
medicine The general question of constitution is dis- 
cussed from various aspects, with liberal allusion to 
practical examples Obviously a discussion of this 
sort must be written from a somewhat personal point 
of view, and not every one will agiee m all details 
with Dr Bauer’s conclusions From any standpoint, 
however, the book furnishes interesting and stimulat- 
ing reading 

Clinical Roentgenology of the Digestive Tract 
By Maurice Feldman, M D , assistant professor of 
gastroenterology, University of Maryland Second 
edition Price, §7 Pp 769, with 551 illustrations 
Baltimore Williams & Wilkins Company, 1945 

In The Archives (53 1237 [June] 1939) was re- 
viewed the first edition of this book, the reviewer com- 
mending the author on his complete and understanding 
presentation of such an extensive subject The second 
edition is even more praiseworthy and, indeed, sets an 
unusual example in that it is shorter, cheaper and more 
extensively illustrated than was its predecessor Most 
second editions do not follow such a pattern 
The text continues to present a thorough considera- 
tion of gastrointestinal disease which will interest both 
radiologist and clinician The illustrations are admir- 
able The pertinent literature is extensively reviewed, 
and there is a short up-to-date bibliography at the end 
of each chapter The present reviewer is glad to re- 
affirm in The Archives that the book is an invaluable 
reference work and to predict for it continued success 

Penicillin Therapy, Including Tyrothricm and 
Other Antibiotic Therapy By John A Kolmer, 
MS, MD, Dr PH, ScD, LLD , LHD, FA 
C P , professor of medicine m the School of Medi- 
cine and the School of Dentistry, Temple Univer- 
sity , Director of the Research Institute of Cutaneous 
Medicine, formerly professor of pathology and bac- 
teriology, Graduate School of Medicine, University 
of Pennsylvania Cloth Price not given Pp 302, 
with 42 illustrations and tables New York D 
Appleton-Century Company, Inc, 1945 

This is a timely book and will interest practitioners 
of medicine from all branches It represents the 
author’s personal experience m the use of penicillin, 
together with a reasonably complete review of the 
work of other clinicians and investigators It deals 
with the structure of penicillin and the method of its 
production and assay It also describes the method 
of determining the concentration of penicillin in the 
blood, a procedure which is not generally carried out 
The various methods of administration of penicillin are 
adequately dealt with, and a special section is included 
to cover the use of penicillin and its related substances 
in dentistry and oral surgery In addition to penicillin, 
tyrothricm and gramicidin and some other substances 
that have come to be known as antibiotics are dis- 


cussed An appendix is included to care for matter 1 
that has come to the author’s attention since the orig- 
inal manuscript was completed J 

The book is a most interesting and valuable one 
As with all books on new therapeutic agents, some of i 
the statements in this book have already been modified ' 
by experience, but there is no detraction from the gen- 
eral value of the book on that account 

The bibliography and the list of references are 1 
excellent ! 

The Specificity of Serological Reactions By Karl 1 
Landsteincr, M D Second revised edition Price, §5 
Pp 310 Cambridge, Mass Harvard University 1 
Press, 1945 j 

In 1936 the late Dr Landsteiner published the first 
edition of his now classic monographic review of sero- 
logic reactions The advances of the subsequent years 
made a revision desirable, and the text was completed 
at the time of Dr Landstemer’s death, we are indebted 
to his son Ernest, also a physician, who undertook to 
see the revision carried through to the state of final 
publication i 

This volume contains an excellent chapter on molec- j 
ular structure and intermolecular forces, as they apply ' 
to immunologic reactions, contributed by Dr Linus 
Pauling The remainder of the book includes an intro- 
ductory section defining immunologic concepts and ter- 
minology and chapters on the serologic properties of 
\arious types of proteins, nonprotem cell substances 
and artificial conjugated antigens derived from simple 
chemical compounds, on cell antigens, on the nature 
and specificity of antibodies and on antigen-antibody 
l eactions 

The enormous body of pertinent literature has been 
analyzed and built into a coherent concept of immuno- 
logic specificity by the worker whose wide-ranging intel- 
lect and personal contributions to fundamental research 
in the field made him uniquely fitted for the task 
All who are interested in immunologic reactions are 
indebted to Dr Karl Landsteiner for this summary of 
his interpretation of the existing knowledge on the 
subject and will treasure the book as they do the 
memory of his scientific achievements 

Pubhcaciones del centro mvestigaciones tisio- 
Iogicas Edited by Prof Roque A Izzo, Director 
Volume 7 Buenos Aires, Argentina Pabellon 
“Las Provincias,” Hospital Tornu, 1944 

Like the preceding six volumes, this (the seventh) 
volume of the collected studies of the Centro de Inves- 
tigaciones tisiologicas consists of a group of papers 
and monographs on thoracic conditions Although some 
of the work is of a high order, it would be expecting 
too much to have every study a classic The mono- 
graph on constitution and tuberculosis is one of the] 
best reviews on the subject and is supported by a 
worthy original study There is little doubt left in 
the reader s mind that some genotypic (hereditary) 
aspects of constitution determine whether certain pa- 
tients, such as the “heavy-set” and “elongated” types, 
present different reactions to the tubercle bacillus, with 
different prognoses The former is found to have a 
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good prognosis and the latter a bad one, a distinction 
conforming to wide clinical experience There are also 
different reactions in different races and ages of people 
to tuberculous infection, although the explanation offered 
for these reactions are sometimes inadequate and the 
authorities cited at no time present a majority opinion 
on any phase of fhe subject The attempt to assign 
various “endocrine types of habitus” to special types 
of tuberculosis results m spreading the evidence rather 
thin There is not due consideration of the possibili- 
ties of counterbalance of one or more of the many 
unfavorable characteristics by other more favorable 
characteristics 

A monograph on malformations of the lungs and 
bronchi is also complete and well presented, but the 
work has the tendency of other similar studies to fail 
to distinguish with certainty the acquired disease from 
true congenital cystic disease of the lung Another 
article points out the necessity of performing tuberculin 
tests and examination of sputum in addition to roent- 
genographic examinations of the chest for the diagnosis 
of tuberculosis in children Another, beautifully illus- 
trated, article is devoted to the cervicothoracic dia- 
phragm, or endothoracic fascia, covering the dome of 
the lungs Still another study worthy of mention is 
one of pulmonary alveolar cells 
The paper and print are of the best The illustra- 
tions are good in some articles and poor in others 
The volume is highly recommended for persons inter- 
ested in pulmonary diseases 

Diseases of the Nervous System in Infancy, 
Childhood and Adolescence By Frank R Ford, 
M D Second edition Cloth Price, §12 SO Pp 
1,143, with illustrations Springfield, 111 Charles 
C Thomas, Publisher, 1944 

Dr Ford allowed eight years to elapse before bring- 
ing out his present (second) edition, and it would 
require much more space to review in detail such an 
encyclopedic treatise Features to be specially noted 
are the introductory chapters on the examination of 
the nervous system in general and the clinical aspects 
of the anatomy and physiology of the nervous system, 
the many excellent photographs and diagrams, the 
thorough bibliographies and the excellent general format 
with large readable type Every variation of the com- 
plicated neurologic disorders of childhood is mentioned, 
as, for example, no less than forty-three heredofamilial 
and degenerative diseases Prenatal diseases, infections, 
tumors and so forth present a hardly less formidable 
array The illustrative case histories seem especially 
useful m dealing with material of this sort in which 
the nosologic aspect is so important Dr Ford’s trea- 
tise will undoubtedly remain the standard reference 
work on the subject 

Military Medical Manuals — A Manual of Tropical 
Medicine Prepared under the auspices of the 
Division of Medical Sciences of the National Re- 
search Council Colonel Thomas T Mackie, M C , 
A U S , Major George W Hunter III, Sn C , 
A U S , and Captain C Brooke Worth, M C , A U S 
Price, §6 Pp 727, with 284 illustrations Phila- 
delphia and London W B Saunders Company, 1945 

Tropical medicine is a singular specialty because it 
is a conglomerate of sections from nearly all the medi- 
cal and biologic sciences Tropical medicine deals with 
the medical problems of the earth’s equator The phy- 
sician in the tropics, therefore, must know something 


of nearly everything, he must be protozoologist, bac- 
teriologist, clinician, laboratory technician, hygienist, 
entomologist, chemist, expert in virus, rickettsial and 
metabolic diseases, helminthologist, drainage engineer, 
rat exterminator, administrator and surgeon To pro- 
vide him with a portable text dealing with these sub- 
jects in acceptable detail would be impossible A 
manual, therefore, must limit itself to the most impor- 
tant topics likely to be required by the physicians 
actually in the tropics 

How well this manual has achieved its design to 
provide a concise and dependable source of old and new 
information is best comprehended by a careful study of 
the book The numerous diseases and hazards of the 
tropics are presented briefly and clearly The recom- 
mended treatments include the recent advances in medi- 
cine Numerous instructive sketches and unusually clear 
illustrations illuminate the text Many tables which 
condense parallel data are included There are sections 
devoted to medically important arthropods and to medi- 
cally important animals Nutritional diseases and the 
effects of inadequate diets are discussed Diagnostic 
laboratory procedures are carefully outlined Finally, 
there is a generous index 

The manual kindled the enthusiasm of this reviewer 
It is not only the best book of its kind , it is a combina- 
tion of the good features of all the books of its kind 
Here m one source the physician in the tropics can find 
practically everything he may need, presented in clear 
and authoritative fashion The authors made use of all 
the sources available, as the long list of acknowledg- 
ments will prove, but the excellent condensation of this 
information is an achievement worthy of lavish praise 
It is especially interesting to read of tsutsugamushi dis- 
ease (scrub typhus) m New Guinea, of the uses of 
dimethylphthalate and of DDT in combating insects 
and of the usefulness of sulfonamide compounds in 
plague and dysenteries 

It is difficult to find something to criticize in this 
manual One may wish that more had been said of the 
uses of penicillin in the treatment of certain infections, 
such as that caused by Streptobacillus moniliformis, 
for example It would be valuable to present in a 
manual to be used m all countries tables of weights 
and measures, with instructions on how to convert Cen- 
tigrade readings to Fahrenheit, inches to centimeters 
and liters to pints Also, a brief glossary of terms, 
especially of the names given by the British to the 
common useful drugs, would be very helpful But these 
are small matters There are no typographic errors to 
be found, and the technical work of printing and binding 
is excellent This manual is highly recommended to 
all who have an interest in tropical medicine It will 
be found especially useful to medical students 


News and Comment 


GENERAL NEWS 

The American College o£ Physicians — The 
American College of Physicians will hold its annual 
meeting May 13-17, 1946 at the Philadelphia Municipal 
Auditorium, Thirty-Fourth Street below Spruce Street 
Further information may be procured from the presi- 
dent, Dr Ernest E Irons, Chicago, or from the general 
chairman, Dr George Morris Pierson, Philadelphia 
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